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Two Recent er ea in Car Ventilation. 


Every year the question of car ventilation 
comes up more or less prominently about the 
commencement of the cold season, and this ap- 
plies to both steam railways and electric rail- 
ways. As far as electric interurban railways are 
concerned the conditions are very much the same 
as for steam railways, but on city street rail- 
ways (and elevated lines) the conditions are such 
as to form a special and difficult 
problem, due to the frequent open- 
ing of the doors. The street and ele- 
vated railways of Chicago are now 
considering some improved methods 
of ventilating, and one of these 
(which is being applied to a number 
of street cars) is described below. 
We give also some particulars of a 
recent improvement in the ventila- 
tion of sleeping cars. 


A New Ventilating System for 
Street Cars. 

The introduction of the vestibuled 
type of car in street railway service, 
has improved the conditions for 
providing proper heating and venti- 
lation of street cars, by eliminating 
the wide end doors and exposed 
platforms of the older types of cars. 
The Health Department of Chicago 
has for some time been conducting 
investigations as to methods of im- 
proved ventilation in the street cars 
of that city, and has approved the 
application of a new system to 350 
ears which will be put in service by 
the Chicago Railways Co. during 
the winter. The cars are of the pre- 
payment type, the arrangement of 
which is such as to prevent the 
entrance of large volumes of cold 
air at the doors. At the rear of 
the car is a large vestibuled plat- 
form, open on one side only and 
with a narrow swinging door at the 
closed side for entrance to the body 
of the car. Another swinging door 
for exit is used only when the car 
is coming to a stop. At the front 
end is a vestibule connecting with 
the interior by a swinging door, 
and having a side door for exit 
only. This side door is normally 
Closed, and is under the control 
nl ag motorman, who opens it when the car has 

» to a stop but only if a passenger wishes to 
ie The swinging doors obviate the trouble 
frou, careless passengers who do not trouble to 

Clos: Joors behind them. The general design of 
thes cars, with the ventilating equipment, is 
Shows in Fig. 2. 

T). method of ventilation ts on the vacuum or 
Indu. i-draft system, the vitiated air being drawn 
off > & fan and causing the entrance of fresh 
air “take its place. The headlining of the 

Mon > roof is placed about 4% ins. below the 


carlines, forming a chamber between the roof 
and the headlining. The sides of the chamber 
are sloped up at 45° to the corners of the roof 
So as not to interfere with the operation of the 
hinged deck windows. There are 14 registers 
about 6 ins. diameter, with adjustable gratings, 
placed at intervals in the ceiling; they project 
upwards 2 ins. into the air chamber. Each ves- 
tibule has a rectangular register in the ceiling, 
connected to the roof air chamber by a duct. In 





INTERIOR VIEW OF STREET CAR FITTED WITH THE 
COOKE VACUUM VENTILATING SYSTEM. 
(The circular registers in the headlining open into a chamber between the head- cells. 


lining and roof, which chamber is in communication with an exhaust fan.) 


the front end of the monitor roof is a wide open- 
ing to a conical duct leading to a 10-in. exhaust 
fan driven by an electric motor of %-HP. The 
fan and motor are mounted on the vestibule 
hood and are enclosed in a sheet copper housing, 
with lateral discharge openings. The fan is 
under the control of the motorman, but it oper- 
ates at uniform speed. On this page is an in- 
terior view of a car equipped with this system, 
showing the registers in the ceiling. 


The fresh air intakes are metal ducts fitted 
under the seats, as ‘shown in Fig. 3, Bach has 
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a screened bottom opening 4 x 7 ins. in the floor 
of the car, and a larger upper opening directly 
beneath an electric heater, so that the entering 
air is passed over the heater coils before being 
diffused through the car. Each duct is of 1/16- 
in. pressed steel, made in two parts with an elec- 
trically welded seam; the top and bottom col 
lars are riveted in place. After assemblage, the 
completed duct is treated with zinc by the 
Sherardizing process so as to give it a non-cor- 
rosive surface. There are eight of 
these ducts, weighing only, 6 Ibs 
each. 

The areas of the intake and ex- 
haust openings are proportioned to” 
permit of the passage of air at a 


low velocity (approximately 325 ft 
per min.), so that there wiil be no 
perceptible draft. The rate of flow 


of the air is dependent upon the 
speed of the fan, and is not affected 
by the movement of the car. It is 
stated that expensive experiments 
have shown that the amount of air 
handled by this system remains 
practically constant, whether the 
car is at rest or in motion. The 
system is adaptable to other types 
of cars than that mentioned. It is 
the invention of Mr. D. I. Cooke, 
Secretary and Chief Engineer of 
the Vacuum Car Ventilating Co., 
Fisher Building, Chicago, to whom 
we are indebted for information. 

Ventilation of Sleeping Car 

Berths and Dining Car 
Refrigerator Boxes. 

The ventilation of the lower berths 
of sleeping cars is usually very in- 
adequate, as each berth is com- 
pletely enclosed when the upper 
berth is made up and the curtains 
are hung. Few passengers care to 
have the window open during the 
night, even if the weather is mild, 
for the entrance of dust and dirt 
(in spite of the wire screens) is such 
a nuisance that a closed window is 
preferred. The upper berths, being 
partly open to the monitor deck, are 
readily ventilated by any good sys- 
tem of general ventilation, but the 
lower berths are closed individual 
A recent improvement in 
car ventilation is its application to 
the individual lower berths of sleeping cars, and 
also to the ice boxes of dining cars. 

This is a development of the Garland& system of 
car ventilation, which has been in extensive use 
on sleeping and dining cars, refrigerator cars, 

c., for some time. It is an induced-draft sys- 
tem, depending upon the current caused by the 
movement of the car, and the principle of its 
operation is shown clearly by the diagram in 
Fig. 4. The air forced into the funnel-shaped 
hood as the car moves forward is diverted later- 
ally and escapes as a jet which induces a cur- 
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rent in a channel opening into the car. The 
hoods are placed on the sides of the roof, with 
openings through the walls of the monitor deck. 
Through these openings the air at the top of the 
car is exhausted. The new development consists 
in making the ventilator double (as shown in 
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specific application, of making a proper compari- 
son of these two systems. 

It is necessary first to review briefly the opera- 
tion of the two systems. In the hot-water plant, 
at a selected average minimum outside temper- 
ature, the water is circulated by a pump at 212° 
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Half Floor 
FIG. 2. STREET CAR OF THE PREPAYMENT TYPE FITTED WITH THE COOKE VACUUM 


Plan. 


VENTILATING SYSTEM; 


Half Ceiling Plan. 


CHICAGO RAILWAYS co. 


D. 1. Cooke, Inventor; Chicago. 


Fig. 5), the upper half being connected to the 
deck opening while the lower half communicates 
with the lower berth (or dining car refrigerator) 
by means of a flat duct. The ventilating sys- 
tem and its new application are the invention of 
Mr. Thomas H. Garland, of Chicago, General 
Agent of the Refrigerator Service of the Chicago, 
Burlington & Quincy Ry., who has furnished us 
with plans and other information. 


Comparison of Forced-Circulation Hot-Water, 
and Vacuum Steam Central Heating Plants. 


By JOSEPH T. MAGUIRE.* 

The writer, in a paper published in Engineering 
News, Sept. 2, 1909, outlined the principal fea- 
tures in the design of a large central heating 
plant for the forced circulation of hot water. In 
that article the writer merely mentioned the 
primary considerations which would lead to the 
proper selection of a system. These were, (1) 
first cost, (2) operating expenses, (3) flexibility 
and cost of additions, (4) degree of possible cen- 
tralization of working parts. In the present arti- 
cle the first three of these points are discussed in 

















F., through outflow pipes to the radiators and 
through return pipes to the heater. When the 
outside temperatures are higher or lower than 
the selected minimum, then the hot-water is cir- 
culated at lower or higher temperature respec- 
tively and the plant, one may say, is under or 
overloaded. This was explained more in detail in 
the article of Sept. 2. 

In a vacuum steam system, exhaust steam is 
drawn through the pipes and radiators at about, 
or slightly above, atmospheric pressure, for all 
outside temperatures. Consequently the heating 
medium is always at or above 212° F. his fact 
alone has a great effect on the losses and operat- 
ing cost as will be shown later. The pumps in 
the vacuum-steam system are in the return sys- 
tem and have to handle hot water, air and steam 
successively. 

The heaters for the hot-water system are cylin- 
drical steel shells with dished heads bolted on and 
with iron tubes expanded into steel plate parti- 
tions. Exhaust or live steam is admitted around 
the tubes while the water flows through them. 

The relative merits of the two systems as re- 
gards ease of operation and quality of heating 
effects, will not be discussed here as these are 
the result of the designer’s ability and person- 
ality. The relative costs, however, can be easily 
calculated. - 


First Cost. 

The item, “first cost,” includes all sasiilticanian 
for radiation, piping, insulation, conduits, valves, 
fittings, heaters, pumps and other apparatus 

necessary to place either 
| installation in complete 
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T . working order. 
/ As explained in the 
if earlier article, the total 


amount of radiating sur- 
face in the buildings is 
identical for both sys- 
tems. In this respect the 
Jt two are on a par. 
: The items of “piping,” 
“valves” and “fittings” 
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FIG. 3. 


SYSTEM. 


the hope “of demonstrating to engineers, whose 
experience has largely been along other lines, 
but who have occasional need of approaching 
these problems, that the large hot-water plant is 
usually preferable to the vacuum steam. The 
writer has found the contrary idea to be gener- 
ally prevalent among engineers and laymen alike. 
It is sufficient to point out a general way, with 





*Designer, Bureau Yards and Docks, Navy Department, 
Washington, D. C 


INTAKE DUCT FQR COOKE VACUUM CAR VENTILATING 


ee for convenience, should 


be studied in two parts: 
(1) apparatus and piping 
within individual build- 
ings, and (2) the installation between building 
and central plant and at the latter. Table I. 
shows the comparison of unit costs of materials 
for a single building having 2,000 sq. ft. of 
radiating surface. Labor costs are assumed to 
be proportional to the costs of material, an ap- 
proximately correct assumption. This table shows 
that the cost of steam fitting on the interior is 
about 90% that of the hot water. The sizes of 
pipes shown are of those usually employed in 


gravity-flow, hot-water and exhaust 


house 

installation. In the hot-water desi; e aie 
are for velocity of about 2 ft. per se " 
In taking up the piping from th: vidual 


buildings to the central plant, it is c ent ty 
assume two installations of 16,000 an 100 my 
ft. of radiating surface supplied by « 
as minimum and maximum sizes of s) 
heating installations. The sizes of pip: 


tation 


ntra]- 


t e 
two systems are as follows: - 
Steam. water 
16,000-sq. gb 5 flow flow 
installation. (2-in. return return 
90,000-sq. {dais flow, or 2—12-in. flows | flow 
installation. | 34-in. return return 

The sizes of hot-water pipes, here ; are 
calculated by standard practice as outined jn 
the article printed in Engineering New pt. 2 
and using a water velocity of 8 ft. per The 
velocity of steam in the flow lines of th: uum 
steam system is assumed at 100 ft. per s Unit 
costs for these outside lines are compared in 
Table II. 

An examination of Table II. shows thit the 
hot-water installation is cheaper in each item, 
except in the matter of elbows and, in the smaller 
installation, the additional item of te Th 
reason for the larger cost of these items, in the 
hot-water system, lies in the adoption « ng 
turn fittings in order to minimize the f: 
resistance. 

When we consider that in a properly designed 
system, all branches are valved, to allow of a 


shut-down of the branch without interfering with 
the rest of the system, and that, in consequence. 
there is always a valve wherever there is a T 


fitting, we arrive at the conclusion that a fair 
estimate of the outside piping-valves, etc., cost 
may be quickly made by simply comparing the 
costs of piping, allowing the cost of elbows to 











Fig. 4. Diagram Showing the Operation of the 
Garland Induced-Draft Ventilating System as 
Applied to Sleeping Cars, Refrigerator Cars, 
Etc. 

Thomas H. Garland, Inventor; Chicago. 


offset the differences between the two systems in 
regard to valves and tees. Such a comparison 
favors steam, if anything, as will be seen by ex- 
amining the prices given and by considering the 
fact that the number of elbows in any system is 
exceedingly small, and, therefore, the total cost 
of them, in comparison to the cost of the entire 
installation, is almost negligible. 

A study of Table II. shows that the vacuum- 
steam outside lines cost (unit prices) 160) and 
67% more than for the hot-water system in the 
larger installation, depending on whether « single 
18-in. flow line or two 12-in. flows be used. Inthe 
smaller installation the excess first cost in the 
steam system is 36%. 

Costs of installations of magnitudes ‘ectween 


the two systems studied here will be prop*:'.onate 
to these figures. The price of pipe-cove \¢ will 
also show, approximately, the same dis: pancy 
between the two systems. Prices for ‘' atter 
have been omitted as there are very many ‘iffer- 
ent types on the market, of various «i!i ‘encies 
and of widely varying prices. The rela‘ * ©osts 
of conduit for the two systems has been 
omitted, but may be considered as ne squal 
for the two systems, the total lengths = »¢ the 
same, and the cross sectional area be: = "early 
the same. The balance, however, w be in 
favor of hot-water. 

It is well to note that the popular ‘'9 that 
more valves are required for a hot-ws system 
than for the vacuum steam is abso’ falla- 
cious. Even supposing that th tional 
resistance of a Aot-water system was n ~ a 

ne 


a manifold, with valves, in each bra 


ratios are not appreciably changed. he sizes 
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of the alves for a hot-water system are smaller 
than ‘> the vacuum-steam and the costs are de- 
creas’ | in still greater proportion than the sizes. 
The * cuum-steam radiators always have two 
one a gate valve on the supply, and a 
tatie valve on the return. 


valve 
thern 


has the great advantage of running only one pump 
in time of a light heating load, thereby operating 
at maximum economy. 

It is seen that in a hot-water plant there must 
be the added investment for the heaters, expan- 
sion tanks and a few added valves. But as the 

heaters are simple shells 
with lap welded tubes 
and of standard materi- 








als of a non-proprietary 








how 


to lowe. Berths 








Dotted Lines 











Sectional Plan. 


The only point remafning to be considered, in 
connection with the item of first cost, is the cen- 
tral station installation. In the hot-water system 
this comprises the pumps, engines or motors, 
heaters and the expansion tanks. In the vacuum- 
steam system it comprises the vacuum pumps. 

If the exhaust steam indirectly heats the water 
for the forced circulation water system, there 
would be no change in plans for the boiler capac- 
ity of the plant. The same amounts of radiation 
are to be supplied and about the same amounts 
of power are required for operating the pumps of 
either system. If there is any advantage in this 
respect it lies in favor of the hot-water system on 
account of more favorable and economical condi- 
tions for pumping, as stated earlier. The item 
“pumps” has been pluralized for both systems as 
the writer believes that provision for safe service 
in time of break down should be made. Two 
pumps, each of a capacity of two-thirds the maxi- 
mum requirement would be approved. This also 





TABLE I.—COMPARISON OF UNIT FIRST COSTS OF 
VACUUM-STEAM AND FORCED-CIRCULATION 














HOT-WATER HEATING SYSTEMS. INTERIOR 
WORK. 
STEAM. 
Pipe: 
1 ft., 4m, from pipe... ccc cccsecescccece $0.33 
1 $0, Sab BR OUR coc ct tdacseseccee 0.08 
TOGA a cain cence eck new euss dct eveevere $0.41 
Va! H 
1—4-in. (low pressure)........ bakcvrares - 6.00 
AG cae aah oe ha a e's Weeks cannes eve 1.50 
Total: sae vieeess eereee Pisicnvospaevsees $7.50 
Ts 
a Me iivcenee ds Rape ceetens® 0.70 
AQ S ec caeebsiervsvasse UEC He de ces - 0.12 
Tetah Sicha ries oe eesteses - $0.82 
Elbows 
HN si isk ce ihe gone t be Hoan neces ~- 048 
ot Se ie NOGEay ices ceduwe duck - 6.08 
TOUR. “i ceupieedeee ces ea kbbeueeébaccevees $0.56 
WATE 
Pip.. 2 ft., 3-im. iron at 28 cts.......... $0.46 
Ne s eg epee FSP a - 9.00 
oe Ae a OES EERE Cs irnig xo oe 
1 oe 





Side Elevation. 


Fig. 5. The Garland Ventilating System 
Arranged with Separate Ducts to the 
Lower Berths of Sleeping Cars. 


nature, this is not serious, 
and the extra cost cannot 
offset the gain from the 
outside piping, unless the 
outside runs are very 
short. If the buildings to 
be heated are grouped 
around the central heat- 
ing station in such a way 
as to minimize the 
lengths of runs of out- 
side piping, the vacuum 
steam system would un- 
doubtedly, be cheaper, 
but, in ordinary instal- 
lations, where the cost of 
the outside piping is nearly equal to or greater 
than the cost of the piping within buildings, the 
hot-water system would require the smaller in- 
vestment. 
Operating Expense. 

With the best insulation available, on a sys- 
tem of ordinarily large mains, the radiation loss 
is approximately 10% that supplied to the radi- 
ating surface. In the vacuum-steam system this 
loss is constant, at about 10% the total heat sup- 
plied in the radiators, as the mains are approxi- 
mately constant temperature irrespective of out- 
side temperature conditions. In the hot-water 
system the radiation loss is at a maximum in 
the severest weather when the water is circu- 
lated at the highest temperature. As the need 
for heat diminishes the temperature of the water 
circulated is decreased and with it the radiation 
loss. Even at times of maximum loss the wasted 
radiation from the steam lines is greater than 
from the hot water. The radiation loss per 
square foot of superficial area is the same in 
either case, of course, but the total area per lineal 
foot of steam line is greater than in the case of 
the hot-water lines. For instance, take the 90,- 
000-sq. ft. installation mentioned before: 


Area, 1 ft. 18-in. iron pipe (18 ins. 0. 4.).... 4.71 sq. ft. 
1 ft. 3%-in. iron pipe (4 ins. o. 4.).... 105“ “ 
NE Pies ch ecdednence sa mdachicucs — * 

Area, 2 ft. 12-in. iron pipe (12.75 ins. o. d.) 6.68 “ “ 
1 ft. 3%-in. irom pipe..........++-46- Too * 

y | ERS SEs Se Ee per Pret PE ye" Tae" 

Area, 2 ft. 9-in. pipe (9.68 ims. o. d.)........ Bae ¢.« 


It is evident that the maximum radiation loss 
on the vacuum-steam system is from 14 to 53% 
greater than for an equivalent hot-water system. 

In a specific investigation, along the lines herein 
only generally laid down, the study of operating 
expense should include that of the central plant. 
The principal item here is in the pumping. Each 
specific installation has its own peculiar condi- 
tions so that a wholly general comparison is 
impossible in this article. The writer ts content 
with giving results in an actual case where a 
design was made, on both systems, for a total 
radiating surface slightly in excess of 16,000 sq. 
ft. The vacuum pump required was a 5 x 5% x 
5-in. duplex type. The average steam consump- 
tion was estimated to be 945 lbs. The actual in- 
stallation, however, was made for hot water and 
a centrifugal circulating pump was driven by a 
25-HP. motor. Had this been driven by a small 
steam engine the probable steam consumption at 
full load, corresponding to severe weather would 
have been only 750 Ibs. per hr. The gain in 
pumping in this case, it is fair to assume, was 
about 20%. 

While the pump in the vacuum-steam system 
handles approximately 1/32 the amount of water 
circulated in the hot-water system (each pound 
of steam gives off 960 B. T. U., compared with 
30 B. T. U. per Ib. of hot water circulated), it 
works against unbalanced lifts, heavier pressure 
and mixtures of air, steam and water, 


TABLE II.—COMPARISON OF UNIT FIRST COSTS OF 


VACUUM-STEAM AND FORCED-CIRCULATION 
HOT-WATER SYSTEMS. EXTERIOR LINES. 


STEAM; 16,000-SQ. FT. PLANT. 











Pipes: 
I ft., S-tm. from....... eiees . §0.79 
1 ft., 2-in. iron.. iuiacnaeeees 0.11 
WE Rid acarax usc. tv dus nbeaceuhers . $0.90 
Valves: 
PS” atidGaad uneews GoGnudewedseb et .. 20.00 
PPS. “wevstcadeccceasevecesees 4.00 
EE Ride PEsSe ee duc cw seecseses . $24.00 
Tees: 
DE. « 5% cadens cbbedadtece senéves west ot 8.69 
DG © Sa.con be dee PEN TAS ‘ ia 0.17 
WN aa dancensaiivas Se mbeerawn wer ... $8.86 
Elbows: 
Sor. a cdevacecenesneweeuc cwkkaquee es 5.94 
Os - « ve cecteaekce chavasens chet ces 0.12 
i oo. ccscdhas Madan ycetises ... $6.06 
HOT-WATER; 16,000-SQ. FT. PLANT. 
Pipes, 2 ft., 4-in. tron, at 33 cts............. $0.66 
Valves, 2—4-in., at $8 (medium pressure).... 16.00 
ee .. DT GEO cacccccccccoussees 10.80 
Elbows, 2—4-in., long radius..........-...465 9.25 
WE Ledccaccencaudeees - $36.71 
STEAM; 90,000-SQ. FT. PLANT. 
Pipes: 
ee es EF haeces Sods secesee + $4.46 
1 £., S¥e-inm. irom § OF. .cccccccvcsscccccese 0.27 
ONE wou ad cuabedendecsbaccestescans jos. ran 
Se EE Bh io vn ccat cons dnetsesadese 2.91 
DR, BER, BOG o wc cc ccc ccc sevcccsees 0.27 
UN Cork ods kcdwawawuk cong ceeuney es 
Valves 
1—18-in Sieds «BG dub atiuessacaeecrOhieees 
1—3%-in. jor.... 60 qt Gu osepesddetieues 7.20 
BOR cescece . $96.00 
a a ee saat Meee ee 
1—S3%-in. §.....-. ’ : eee sce eae 
MET dsc duhdecueue skeren - $85.20 
Elbows: 
eg, a Soe ee haeene --+ 29.50 
1—3%-in. jor.... ated intaeneands 1.04 
WS. Fesuke Vighds ction» <bibe-welbwas cece 
2—12-in Diweass ‘ eee 
1—3%-in. |{.... ER Ss 
NE antitank . $26.94 
ees: 
1—18-in. re ‘ : au id pees es wake ee ee 
1—3%-in. or a karia-dukikioke a Soe 2.81 
RE i a a a end bebuntéuesdvesame $45.31 
» Ey SOE eee ee rg ee ene 36.50 
ER. Soi cae dotinccdéuecen tedecocesende 2.81 
EES cae Wah 6 KcBkuA We cenr bio Cai 8dté be bse $30.31 
HOT-WATER; 90,000-SQ. FT. PLANT. 
Pipes, 3 ft., O-im. IFOM. 2... cccecccccscccccccecs $1.90 
Valvem, B—-O-im. ...ccccccccccccccsccsescccces 48.00 
Elbows, 2—9-in., long radius...........-.s.6. 30.00 


Tees, 2—O-in., lomg turn...... sce eeeeeceeeees 86.00 





Without the use of an expensive thermostatic 
control on the vacuum-steam system, the radi- 
ators are at a temperature of 212° F. whenever 
in use, at all conditions of weather. Conse- 
quently heat is wasted in such an installation, in 
addition to the losses along the pipe lines. This 
can be avoided with hot water. Such a waste, 
however, becomes really important only when 
the exhaust steam is not abundant and is useful 
for other industrial purposes or when there is 
never need of blowing live steam into the exhaust 
lines or the water heater. In all such cases 
each economy in operation becomes tmportant. 

In a paper of this kind, dealing with gene- 
ralities largely, actual stated percentages should 
not be held too conclusive in themselves but 
rather as quantitatively indicating tendencies. 
The points here discussed should indicate the 
lines of investigation to be followed by any 
engineer in seeking the best design for a given 
situation. 

In the great majority of cases, intelligent study 
will show that the vacuum-steam is some 10% 
cheaper in interior pipes and fittings and about 
5% cheaper in central-station fittings. In the 
eost of radiators, future extensions, conduits, 
there is no great advantage of one system over 
the other. But in the cost of outside pipe lines, 
there is a saving of some 50% with the hot-water 
plant, and in operating expenses this system is 
anywhere from 15% upward more economica! 
than the vacuum-steam. 
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A Flat Slab Reinforced-Concrete Street Rail- 
way Bridge, St. Paul, Minn 


The accompanying half-tone and drawings il- 
lustrate a bridge in which the girderless flat-slab 
or “mushroom” system of reinforced concrete has 
been applied. Until recently this type of con- 
struction has been used exclusively for buildings, 
and in such use has been described in these col- 
umns. This St. Paul bridge is, however, the first 
instance where we have had occasion to illustrate 
the application to bridges. 

The bridge shown carries the two-track line of 
‘the Twin City Rapid Transit Co. over the tracks 
of the Minneapolis, St. Paul & Sault Ste. Marie 
Ry. on the line of Lafayette Ave. in St. Paul, 
Minn. One abutment is on a skew so that the 
span increases from 76 ft. 6 ins. at one side to 
91 ft. 9 ins. on the other. The width is 66 ft. 
made up of a 42-ft. roadway and two 12-ft. 
sidewalks. This whole floor is supported by two 
L-shaped reinforced-concrete abutments and six 
mushroom-topped columns, the latter spaced 37 
and 27 ft. in the two directions, as shown in 
Fig. 2. 

The columns are about 24 ft. long and 30 ins. 
in diameter, and are reinforced with eight 1%-in. 
round vertical bars, which bend into the 13-ft. 
mushroom head and the spread base. In addi- 
tion the head has two cross bars of 1%-in. steel 
(Fig. 8). The slab reinforcement is of %-in. 
round steel. In order to get the crown required 
by city regulations the slab was made 24 ins. 
thick at the middle, sloping down to a 15-in. 
thickness at the gutter. By the use of hollow tile 
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blocks the sidewalk is raised 8 ins. above the 
The track is carried on Carnegie steel 
ties embedded in the concrete and the rest of 
the roadway is covered creosoted wood block. 
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An :namental railing of cast concrete stone 
comptes the structure. 

In «der to maintain traffic during construction 
the b..dge was built in two longitudinal sections 
In Fig. 1 the centering has been removed from 
the » Jf im the foreground and concrete laying is 
goine on om the other half. 

This is one of several similar structures built 
in this vicinity; one is now under design with a 
coluica spacing of 60 by 34 ft. In addition to an 
app’ ciable economy and an increased clearance, 
it is claimed by the designers that this style of 
pridce is remarkably rigid. Under the very 
heavy interurban cars used on this line there is 
no noticeable vibration. 

The Lafayette Ave. bridge was built under the 
supe: vision of Mr. Thomas Greene, Chief Engi- 
neer of the Minneapolis, St. Paul & Sault Ste. 
Marie R. R. with Mr. C. A. P. Turner acting as 
Consulting Engineer. The plans were approved 
by Mr. L. W. Rundlett, City Engineer of St. Paul, 
and Mr, G. L. Wilson, Chief Engineer of the Twin 
City Rapid Transit Co. 





Tunnel Failures and Repairs on the 
Eastern Railway of France. 


On railways having a number of old tunnels 
(especially tunnels in loose or soft material), the 
engineering department often suffers anxiety as 
to the conditions of the lining and the material 
behind it. When repair work is carried out it 
involves many exceptional difficulties, due to 
the darkness, the practical impossibility of get- 
ting a general survey of the conditions, and the 
necessity of interfering as little as possible with 
traffic. Several works of this kind have been 
described in our columns.* 

The Eastern Railway of France has had to 
carry out extensive repair and reconstruction 
work on a number of tunnels, and details of this 
(with the causes which necessitated it) have been 
given in the “Revue Generale des Chemins de 
Fer’ by Mr. M. Siegler, Chief Engineer of Main- 
tenance of Way. From his paper we take the 
information given below. 

As a result of a collapse in the Montmedy 
tunnel (noted later) the maintenance department 
undertook to make an investigation of 58 other 
tunnels on the line. The first step was to com- 
pile all information relative to the original con- 
struction work, including notes of the incidents 
which occurred and of the character of the ma- 
terials. Much of this information came from in- 
spectors and workmen who had been employed, 
but whose knowledge would have died with them 
but for this system of permanent records. In 
addition to this, the masonry was examined, and 
in all tunnels through bad ground, test holes 
were drilled in the arch and walls to determine 
the thickness of the masonry and the nature or 
condition of the ground. These long and costly 
investigations disclosed a number of cases of 
defective work, and these were repaired. As the 
drill may be deceptive; through striking the dry 
Tock backing, the results were checked by mak- 
ing larger holes occasionally, by removing one or 
two blocks of the stone lining. This must be 
done with caution, especially in soft and wet ma- 
terial, as the holes might be sufficient to start a 
serious flow of the material. 

The restricted dimensions of many of the old 
tunnels are an important cause of trouble and 


Fig. 1. Reconstruction of 


difficulty in carrying out the repair work. It 
would be desirable to increase the dimensions 
when performing the repairs, but this would be 
useless unless the work was extended over the 
entire length of the tunnel, which is rarely neces- 
sary. In many cases, also the renewal of the 
arch ring is all that is necessary, in which case 
it is not practicable to increase the dimensions, 
except at heavy expense. 


The Genevreuille Tunnel. 

This is a double-track tunnel, 2,037 ft. long, 
between Lure and Belfort. It was built in 1855- 
58, and pierces a ridge which is composed of 

‘' clay beds with depos- 

WN its of gypsum. In the 

MOs> moist clay encounter- 

ed at each end, the 
masonry lining has a 
thickness of 3.28 ft. 
In the hard and dense 
gypsum rock (through 
which the greater part 
of the length lies), 
the thickness is 20 ins. 
for the side walls and 
32 ins. for the arch. 
k-6.5°>| 1 At the middle of the 
tunnel, crushing of the 
masonry soon took 
place, due to the 
swelling of the gyp- 
sum under the influ- 
ence of moisture. The 
subgrade (which had 
no invert) was raised 
at the rate of 2% ins. 
in 10 days. In 1859, 
longitudinal drains of 
dry stone were laid 
beneath the subgrade. 
An invert was also 
built for a length of 
1,115 ft., with a thick- 
ness of 24 to 36 ins. at 
the center and 3% to 
5 ft. at the sides, and 
with a drain under- 
neath. At the same 
time, the damaged 
side walls were re- 
built. On the comple- 
tion of the _ invert, 
more serious troubles 
began to appear. The 
side walls, held at the 
bottom by the invert 
and at the top by the 
roof, were unable to 
resist the enormous 
pressure, and threat- 
ened to burst inwards. 

A cut was promptly 
made in the invert, to 
allow the base of the 
walls to move inward. 

As the pressure could 
not be resisted, all that 
was attempted was to prevent the swelling as 
much as possible by draining the tunnel. For 
this purpose, in 1860 a gallery was commenced 
26.24 ft. below the.tunnel. This is 32 ins. wide 
and 5 ft. high, with a length of 3,770 ft., and a 
grade of 0.04%. It was driven from shafts sunk 
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*The following notes of former articles on tunnel re- 
pair work may be id useful : 

Converting a Tunnel into an Open Cut; Caledonian 
Railway, Seotland. April 21, 1892. 

Converting a Tunnel into an Open Cut; Norfolk & 
Western Ry. Aug. 4, 1904. 

Repairing Slides in the Big Bull Tunnel; Norfolk & 
Western Ry. June 9, 1892. 
peu''ding Masonry to Replace Timber Lining in the 

ulder Tunnel; Great Northern Ry. Oct, 12, 1893. 
for Conversion to 


— larging a Narraw Tunnel 
hae rd Gage; B., R. B. & L. Ry. Dec. 
topping mae a in the Wight’s Tunnel; Southern 
sabes ring Tunnel on the Western & Atlantic Ry. 
Relini Timbered Tunnel with Masonry; Norfolk & 


Westen Ry. March 22, 


Reb». i! 
(italy io a eT Portion of the Ronco Tunnel 


Roof Ti . 
my h ee Tet PR & Warton 

nit» the Musconetcong Tunnel (L. V. Ry.) Without 
Interr ting Traffic. Nov. 7, 1901. © es 


The Aspen Tunnel; Union Pacific Ry. (Built in Swell- 
ing Shale). March 6, 1902. 
ee a Tunne) Through Caving Material in France. 
Pp 
Changing Grade and Building Lining in a Tunnel un- 
der Traffic; Chicago Great Western Ry. Aug. 4, 1904. 
Caving of the Gunnison Tunnel. June 29, 1905. 
Lowering the Chicago River Tunneis. sept. 13, 1906; 
March 7, 1907. 
Tunnels in, Sliding Ground (France and Switzerland). 


t. 13, 1906. 
oe ee a Leaky Tunnel in France. Oct. 11, 1906. 
Lining the Hodges Pass Tunnel with Brick and Con- 
crete to Replace Timbering; 0. 8. L. Ry. Dec 6, 1906. 
regeune in Plastic Clay; Canadian Pacific Ry. April 


rade Correction and Reinforcements by Concrete 
Piles; East River Tunnel. June 27, July 11, and Sept. 


, 1907. 
‘ + pa the Grade of a Tunnel in Kansas City. Aug. 
1 yarbreakase and Falls in Tunnels; N. & W. Ry. June 
4 a Tunnel on the Paris Underground 
Railway. Oct. 15, 1908. 





through the subgrade, and some of these were 
maintained permanently to facilitate the main- 
tenance or repair of the gallery. Under the tun- 
nel, the gallery is timbered, but under the ap- 
proach cut it is lined with masonry. From this 
main gallery extend ten smaller drifts, some 
lateral] and others longitudinal, to facilitate the 
drainage of the very wet spots. A number of 
holes discharge water from the subgrade into the 
main gallery, and these are cleaned periodically. 
The galleries improve the ventilation, as well 
as provide for drainage. 

The timbers supporting the walls of the gallery 
yielded gradually under the pressure, crushing 
occasionally and being renewed as required. The 
material was then excavated to maintain the 
normal width. It was necessary to fit the caps 
on the posts without notches or tenons, as other- 
wise the caps would be broken in a short time. 
The swelling of the gypsum did not cease en- 
tirely, and the side walls of the tunnel continued 
to move inward and to crush at certain points. 
Every year it was necessary to rebuild a part of 
the walls, either to prevent a collapse or to re- 
store the full width of the tunnel. The masonry 
was built thicker and of harder material, but 
without stopping the movement. 

In 1886, a different system was tried, the con- 
tinuous side walls were replaced by a series of 
vertical piers 6.56 ft. square, and 3.28 ft. apart. 
The spaces between them had each a 20-in. ver- 
tical wall of dry 
stone in the rear por- ~~~»... Sus, _. 
tion, and behind the ~ OF Croan 
piers and dry walls rm 
was placed a dry 
stone backing of va- : 
riable thickness. This Re 
construction is © Compact} 


shown in Fig. 1. As Bes) sre Slide 
the thrust of the cones fat 
swelling material is fe \, Tunnel 
exerted, it simply 


presses the dry stone Fig 2. Vertical Fall in the 
forward into the re- Montmedy Tunnel. 
cesses; when neces- 

sary, this is removed, the material exca- 
vated, and the dry stone backing and wall re- 
built. This work was completed in 1894, and 
since that time the side walis have required very 
little repair. 

In 1903, a new trouble appeared. At that part 
of the Belfort end where the tunnel is in clay, 
the ground began to move and to push in the 
base of the sidewalls. This may have been due 
to the clay itself or to the gypsum embedded in 
it. It was important that the movement should 
be checked, and it was decided that the pressure 
might be resisted. The walls were strongly 
braced at the bottom by means of heavy pine 
timbers placed under the track, and as soon as 
possible a 24-in. invert was built of masonry in 
cement. Up to the present time no further signs 
of movement have appeared. 


The Montmedy Tunnel. 

This is a double-track tunnel, 2,647 ft. in 
length, which was built in 1859-63. It pierces 
the mountain on which is built the fort of Mont- 
medy; the upper part of the mountain is of 
oolitic limestone, much fissured and broken, 
while the lower part is of compact clay. The 
tunnel is entirely in the latter. The e is a great 
quantity of water in the limestone, and the con- 
struction work was stopped several times by the 
inrush of water. To carry off this water, a latera! 
gallery was built, and was to have been lined 
throughout with masonry, but it caused such 
movements of the ground that the upper end 
was filled solid with rubble stone. From this 
gallery ran others to tap the most important 
sources of the water which had stopped work in 
the tunnel. This work presented many 4diffi- 
culties. At several points the roof of the tun- 
nel was crushed or deformed by the pressure of 
the clay; here: the roof was rebuilt, only to be 
crushed again and rebuilt a second time. 

Five years after the completion of the tunnel 
it was observed that the gallery was choked 
with sand and that the water was penetrating 
the masonry lining of the tunnel. In 1870 (at the 
time of the Franco-Prussian war), the ends of 
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the tunnel were destroyed by the military 
authorities. In 1872, they were reopened, and at 
the same time conduits were built to carry off the 
water. Later, water entered unexpectedly at the 
roof, but was taken care of by drains. 

The difficulties of the construction and the in- 
rushes of water which appeared from time to 
time had attracted the attention of the main- 
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The roof was rebuilt in the usual way, but 
with an unusual thickness in order to sustain 
the pressure of the moving masses in the slide. 
The thickness at the crown was 5 ft. The walls 
were rebuilt with a thickness of 5 ft. The de- 
pression in the ground had been filled with brush 
and timber in such a way as to brace the sides 
without greatly increasing the load. When the 
tunnel work was com- 
pleted, the depression 
was filled and leveled. 

After the first collapse, 
indications of crushing of 
the arch stones had been 
noticed in a neighboring 
part of the roof. But a 
careful examination, 
aided by the electric 
lighting system which 
had been installed within 
48 hours after the acci- 
Old dent, failed to show any 
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Nevertheless, in the re- 
peated examinations, 
other places were found 


7 Masonry alarming symptoms. 
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FIG. 3. HEAVY RECONSTRUCTION IN THE CHEZY TUNNEL (WITH °% {allure began to ap- 
TEMPORARY SINGLE-TRACK CONCRETE TUNNEL TO PROTECT Pear suddenly at a point 


TRAFFIC). 


tenance department, and a careful study was 
made (commencing in 1894) of the construction 
records and the flow of the underground waters. 
From this study, six points were noted where 
irruptions of water might be expected and on 
which special watch should be kept. 

On April 26, 1897, the roof collapsed for a 
length of about 33 ft., and traffic was blocked 
for 54 days. The accident occurred suddenly, 
and without warning. The tunnel men noticed 
the fall of some fragments of stone, and then a 
slight flow of clay through a crack near the cen- 
ter, and then the collapse occurred. There was 
time to stop trains, but not time enough to at- 
tempt to support the arch. This collapse oc- 
curred at a point where no indications of trouble 
had been found and where the masonry was per- 
fectly dry. The character of the slip is shown in 
Fig. 2. 

On climbing to the top of the pile of debris 
and examining the opening, it was apparent that 
the slip extended as far as the limestone, the 
lower level of which was known. It was hoped 
that the rock would arch over the opening and 
give time for placing timbering so that the slip 
would not extend to the surface. But the slip 
continued, and the fall of masses of earth and 
rock made it dangerous to investigate the breach. 
The most pressing need was to prevent the breach 
in the roof from extending. Centering was ob- 
tained as quickly as possible, and its erection was 
commenced as near the edge of the breach as 
possible. 

But on the night of May 1, a body of water 
broke into the opening suddenly, washing away 
the clay debris in the tunnel and the timbering 
already erected. At the same time the limestone 
roof of the opening caved in, and the slip ex- 
tended to the surface of the ground, about 120 
ft. above the rails. This caused a panic and it 
took some time to reassemble the men and re- 
organize the work. It became evident that no 
temporary repairs could be made with a view to 
opening the line for traffic, but that a thorough 
investigation and reconstruction would be re- 
quired. 

The removal of the mud and debris and the 
erection of centering under the arch were car- 
ried on simultaneously. Each side of the fallen 
mass was attacked, heavily braced wooden 
shields being used, which were pushed forward 
by small successive movements. On account of 
the soft consistency of this mass, only small 
openings in the shields were permissible, to 
avoid the possibility of starting another flow. 
This added to the difficulty, as large blocks of 
stone were frequently encountered and had to be 
broken up. On June 13, the two excavations met. 


apparently sound and 

perfectly dry about 330 
ft. from the first slip. The arch was already on 
centering, but in a few hours the pressure was 
so strong as to crush the timbers, and orders 
were given to stop all trains until the threat- 
ened slip was under control. 

The arch of the tunnel was rebuilt for a length 
of 2,000 ft., the thickness at the crown being 
from 32 ins. to 39 ins. or even 47 ins. in ex- 
ceptional cases. At the crown, the curve of the 
extrados was replaced by two tangents, forming 
a triangular ridge with a height of 4 ins.; this 
facilitates the shedding of water. The side walls 
were rebuilt also for a considerable distance. It 
would have been difficult to place behind them a 
continuous backing of dry stone to form a filter 
or drain for the flowing water, but at points 
where a strong flow was encountered vertical 
drains of dry stone were built; about 3.28 ft. 
apart; between these drains the earth was al- 
lowed to pack directly against the wall. 

The facing of the arch was made with granite, 
the stones being dressed to shape. The interior 
was of hard limestone or schist, the latter being 
used also for the side walls. The masonry was 
laid in cement. The extrados was covered with 
a quick-setting cement and a thick coating of 
tar to protect the cement from damage by the 
dry stone backing. Drainage water coming 
through this backing is provided for by weep 
holes in the walls. 

Precautions were taken to prevent the im- 
prisoning of the men by a new slip, and the roof 
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FIG. 5. RECONSTRUCTION OF THE 


was inspected frequently and closely. At one 
side of the tunnel a covered way was made by a 
line of ties set on end. and inclined against the 
side wall, thus forming a means of escape should 
a slip block the tunnel. Traffic was operated on 
one track, under the protection of signals and 
the pilot system. As the clearance of the cen- 
ters and timbering was very small, the shifting 
of the load on an open car might result in car- 
rying away the centering and causing another 
fall of the roof. To prevent such an accident, a 
clearance gage, or loading gage, was placed at 
























































each end of the tunnel, and every fr 
passed slowly under the gage before «, 


tunnel. The gage revolved, so as to urned 
out of the way of passenger trains. 
The Chezy Tunnel. 

This is a double-track tunnel near © ateay. 

Thierry, on the line from Paris to s ure 

It is 1,486 ft. long, and is driven thro» } sana 














Fig. 4. Test Shaft and Drift to Locate the Slide 
Over the Chezy Tunnel. 


and soft clay. The masonry lining was of an 
inferior limestone, and had suffered injury from 
frost, but had been repaired superficially. In 
1898, it was seen that it would be necessary to 
reconstruct the arch, either for the inner ring 
only or for its entire thickness. It was observed 
that in demolishing one ring, cracks due to 
crushing were developed in the adjacent rings, 
due to the increased load thrown upon them. 
This showed that the masonry had nearly reached 
the limit of its strength. 

At one point, while removing the old arch, a 
workman removed one of the voussoir stones 
without taking sufficient precautions. Two 
stones of the outer rings followed it, and a 
stream of fine dry sand poured through the 
opening. In less than a minute about 460 cu. 
yds. of sand had fallen, filling the tunnel! to the 
crown. It was necessary to divert the heavy 
traffic to other routes, but fortunately the men 
in charge were able to climb up the sand and 
plug the opening, which had not enlarged. The 
debris was removed, and traffic resumed in 48 
hours. 

However, it was necessary to provide against 
any similar accident, which might have serious 
results if it occurred while a train was passing 
Passengers had begun to complain also of the 
dropping of sand and debris on the roofs of the 
cars. There was no room to put a protecting 
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CROWN OF THE MARNAY TUNNEL. 


platform under the arch centering, as there was 
very little clearance. The contract» Mr. 
Fougerolle, proposed to build a tempora:» single 
track concrete tunnel inside the tunnel, ‘.¢ Con 
crete arch enclosing the timbers of the center- 
ing. Arched openings were formed in tie con- 
crete side walls. This is shown in Fi. 3. It 
was required only for a length of abo 50 ft 
Trains passed in perfect safety while vy small 
galleries were for the destructio!. and re 
building of the permanent roof. Nume ous vel 
tical joints were purposely left in the  oncrete 
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—— 
work, out in spite of these the destruction of the 
temporary work was tedious and costly. 


The olé tummel was only about 24.27 ft. wide 
and 15.70 ft. high. To enlarge it would have 
1 reconstruction for its entire length, but 


is t improvement at the crown was made by 
incre ‘ng the radius of the intrados and pro- 
long the curve beyond the spring to meet 
curv side walls. This was done on account of 


the vey small clearance of the old roof, which 
show signs of having been struck by loads 
badly placed om the cars (or displaced by the 
vibration). 

The tunnel work being completed, an investi- 
gation was made as to the effect of the irruption 
of sand. A shaft was sunk at one side of the 
tunne!. a8 shown in Fig. 4, and after some ex- 
ploring @ drift driven from this encountered the 
cave or Chamber above the tunnel arch. The 
sand had formerly reached to and supported the 
limestone above. The chamber was refilled with 
sandy earth. 

The Marnay Tunnel. 


This tunnel, near Foulain, is 652 ft. long, and 
is driven through a bed of blue clay overlaid by 
a bed of oolitic limestone 50 to 60 ft. thick. In 
July, 1897, some fragments of the stone lining 
fell from the roof. . This would not have been 
given much attention (being attributed to the 
effect of frost) but for a certain similarity to 
the collapse in the Montmedy tunnel. Drill 
holes showed that at the crown the masonry had 
not the normal thickness, and that the mortar 
had been weakened by the action of water. 

Centering was hurriedly put in place, and in 
order to keep both tracks open (the traffic being 
heavy), ribs of very slight thickness were used, 
composed of old 74-Ib. double-head rails 3.6 ft. 
apart. It was necessary, however, to lower the 
tracks 4 ins., the tunnel having been given a 
reduced height at this point, probably on ac- 
count of the difficulties encountered during con- 
struction. 

In rebuilding the arch it was found that not 
only was the thickness reduced at the crown, 
but that above it, at some places, were rotten 
timbers. For this reason, a small heading 32 x 
39 ins. was driven above the crown, from open- 
ings in the roof. At each opening were four 
closely spaced ribs which supported the roof and 
served also to carry the working platforms. 
The key portion was rebuilt of the proper thick- 
ness, and in addition a rib of new masonry was 
formed as shown in Fig. 5. This tends to check 
movements of the ground and to shed water 
rapidly. The space above this (in the heading) 
was then filled with dry stone masonry driven 
tight with hammers. 


The Pommeraie Tunnel. 

This is on the same line as the previous tun- 
nel, and while no indications of trouble were ap- 
parent, the drill holes showed unsatisfactory 
conditions. At one point, also, the mortar was 
disintegrating under the action of flowing water. 
It was desired to stop or divert the water be- 
fore beginning work, and a test shaft was driven 
up from the crown of the arch through the clay 
to the overlying limestone. It was found that a 
thin stratum of*rock lay on the clay but de- 
tached from the solid rock above, forming a 
basin for the water coming through the latter. 
In places the clay had been washed away, leav- 
ing this stratum suspended above the tunnel 
roof 

A horizontal gallery (with this stratum as its 
roof) was then driven towards the point where 
the water seemed to disappear, and this dis- 
closed an opening 62 ft. long and 10 to 13 ft. 
high, as shown in Fig. 6. A drain was formed, 
Vertical walls of masonry were built to support 
the loose stratum, and the void between this 
and the solid rock was packed with concrete to 
Prevent accidents due to heavy falls of rock. 

Tes' galleries were driven (as at the Marnay 
tunne!) to a total length of 360 ft. These per- 
mitted not only the repair of the key of the 
arch, but also the consolidation of the thin por- 
tions of the arch by means of successive ribs. 

The » ork and its inspection was very trying, es- 


orders to shut off steam, a jet of smoke was dis- 
charged into the shaft, almost suffocating the 
men. No system of ventilation was practicable 
for these small and short headings. 

The gallery disclosed another chamber similar 
to but larger than that above mentioned, having 
a length of 60 ft., a width of 52% ft. and a 
height of 11 to 13 ft. The thin stratum of rock 
rested on the clay, which was settling under the 
action of water, and it is probable that a fall 
which would have broken in the tunnel roof 
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Fig. 6. Cavity Over the Pommeraie Tunnel, Due 
to the Washing Away of Clay by Flowing Water. 


would have occurred in a short time. The arch 
was rebuilt and strengthened here by exterior 
ribs 28 ft. apart, on which were built walls 
reaching up to the surface of the rock. These 
walls were connected by arches, and by a 
boundary or retaining wall sloping outward, 
which held the clay in place. 

At one point where the face stones had been 
spalled by frost, a facing of reinforced concrete 
had been applied, but the limited clearance pre- 
vented its being made thick enough to add to the 
strength of the lining. As it concealed the 
masonry, so that this could not be inspected, it 
was decided not to extend its use in a tunnel 
where moving clay might exert severe pressures. 

All the work was executed without stopping 
traffic on either track. The ribs were of old 
rails, as noted above, with plank lagging. For 
the less important repairs, where ribs were not 
needed, a plank was placed on iron brackets 
hung from iron lugs driven into the joints of the 
masonry. The repairs at the sides of the arch 
were made from two-stage travelers mounted 
on section cars. To utilize the short periods be- 
tween trains, when there was not time to put 
the travelers in position, platforms were hinged 
to the ribs, which could be folded back in a few 
seconds to clear the trains. For the upper part 
of the arch, the working platforms were sus- 
pended from the ribs. 

During the work of removing some of the arch 
masonry, a miner was astonished to find behind 
the arch another arch lining. It seems that 
during the construction of the tunnel a mistake 
was made in giving the line on a curve, and a 
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Fig. 7. Mud Wells in the FIG 8. DRAINAGE 
Nanteuil Tunnel. 


certain length already constructed was aban- 
doned and left outside the new work on the cor- 
rected line. 


The Nanteuil Tunnel. 

This tunnel, 3,680 ft. long, is in clay strata, 
and it was noticed that small piles of mud would 
form on the ballast. They were fed from holes 
or tubes opening at the tunnel floor, as shown in 
Fig. 7. The mud is formed in seams or fissures 
in the hard clay by the vibration and movement 
due to the weight of the trains, and under this 
movement and the pumping action of loose ties 
in the ballast it is worked to the surface. Some 
of these holes discharged as much as 0.35 cu. ft. 
per day, so that the ballast was soon choked. To 


Pecia’.y when, through enginemen disregarding remedy this trouble, a longitudinal drain was *Engineering News, Oct. 11, 1906, Nov. 25, 1909. 
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provided, in such a way that it could be cleaned 
easily. 

The subgrade was trimmed and cleaned, and 
covered with a concrete floor (not an invert) 6 to 
8 ins. thick, on which was laid a bed of broken 
stone. The result was satisfactory, except at 
points where the concrete had been laid in sepa- 
rate sections for each track. Here the mud 
worked up through the longitudinal joints, in 
spite of the special care that had been taken to 
effect a complete bond between the old and the 
new concrete. Such work was very expensive, 
as it necessitated single-track working for a 
considerable time, which is a costly necessity on 
a line having heavy traffic. 

The arrangement of the central drain is shown 
in Fig. 8. This is designed to resist the lateral 
thrust of the soft material, which, with an open 
drain, might force the side walls inward. It is 
an oval masonry drain with frequent openings 
fitted with covers, through which tools can be 
inserted to clean out the mud and dirt which 
collects. 


The Watertightness of Tunnels. 


Few of the old tunnels are watertight. The 
cement covering of the arch is difficult to apply, 
and the drains and the dry-stone backing become 
clogged when the water carries sand or earth. 
The water is then under pressure, and event- 
ually finds a way through the masonry. The 
damp stones decay sooner than those exposed to 
the outer air, and they are more readily at- 
tacked by frost. The water also disintegrates 
the mortar of the joints. Strong flows of water 
through sand form eventually subterranean 
voids or chambers in which dangerous slides may 
occur. 

Numerous methods have been tried to make 
the masonry watertight. When there is much 
water over the arch, it may be drained by pipes 
laid in the lining or by vertical drains in the 
side walls. This prevents the formation of 
stalactites (which may be dangerous to engine- 
men or trainmen). In many cases, the water 
that threatens the safety of the tunnel may be 
removed by driving a parallel gallery, with 
lateral drains through the base of the side wall 
of the tunnel. “Sut such works are difficult and 
costly, and do not always give the desired re- 
sults. In some cases success is obtained by es- 
tablishing longitudinal drains behind the side 
walls or at the branches. But the effect is not 
always permanent, the drains becoming clogged 
and the water seeking new channels outside of 
them. At the Nanteuil tunnel, the effect of a 
costly drainage gallery above the roof was only 
to increase the flow, and the tunnel received 
more water than before. 

In certain cases, the amount of water may be 
reduced by surface drainage of the lands above 
the tunnel, or even by the establishment of 
masonry conduits. In the Rilly tunnel, which 
traverses a bed of chalk for nearly 2% miles, 
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there was one point which at times discharged 
great quantities of water. As this took place 
soon after heavy rains, the plan was adopted of 
confining the water to the surface, and this was 
successfully accomplished by comparatively in- 
expensive works. 

One of the best methods of mdking the masonry 
watertight is the injection of cement or cement 
grout.* Joints are opened at certain distances, 
and the grout forced into one of these by com- 
pressed air. When the grout appears at an- 
other open joint, the operation is suspended, and 
commenced at another point. In this way the 
greater part of the water may be excluded, or 
(if the pressure is very heavy) the discharge 
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may be definitely concentrated at a small num- 
ber of weep holes. The method has the ad- 
vantage also of consolidating the masonry, and 
even the surrounding material, especially when 
this is dislocated rock. Another method con- 
sists in making hollow joints by means of rub- 
ber pipes, which are embedded in the mortar and 
then removed. But the conduits thus formed 
are soon obstructed, however clear the water 
may be. 

To render the subgrade waterproof, the natural 
method is to establish conduits in the middle or 
at the sides. Where the earth exerts a thrust, 


, the lateral collectors are dangerous, and even a 


central drain should be made in such a way as 
not to weaken the bracing of the footings. The 
manner in which this was done at the Nanteuil 
tunnel has been described above. 


The Execution of Tannel Repair Work. 

The superficial repairs of the masonry can be 
made in ordinary double-track tunnels without 
converting the line to single track, as was done 
in the Marnay and Pommeraie tunnels. It is 
necessary to stop the work frequently to allow 
trains to pass, and the trains are run at reduced 
speed. But the cost of track changes is saved, 
and there is no danger of collisions. When the 
dimensions of the tunnel do not permit of set- 
ting the ribs, or when extensive work is to be 
done, it is necessary to close one track to traffic. 
There is some advantage in shifting the other 
track to the middle of the tunnel. Great care 
must be taken in the handling of the traffic. 

For work of this kind, a special force is re- 
quired, composed of men of large experience in 
tunnel works. Mr. Siegler considers that such 
a force cannot be maintained permanently by a 
railway company, and it is necessary then to 
employ contractors having a trained force of 
foremen, miners, timber men, etc. But it is diffi- 
cult to award such work by general contracts, 
as the uncertain character of the work, the un- 
known conditions and difficulties, and the 
troubles due to keeping clear of traffic, deter 
contractors from bidding or cause them to bid 
excessive prices. He has found that the most 
satisfactory method is to make private agree- 
ments or contracts with reliable contractors, 
modifying the agreements according to circum- 
stances. When there is a series of important 
works to be done, a special force may be or- 
ganized and the work done under the direction 
of the railway company’s engineers. 

The difficulties and cost of such work and the 
troubles in operating traffic, are so great that in 
tunnel construction care should be taken not to 
adopt economies which may be regretted. In 
good and sound ground it is sufficient to employ 
a good quality of stone (unaffected by frost) for 
the masonry, and to exercise careful supervision 
over the construction. Carelessness and defective 
work are particularly difficult to avoid in tun- 
nels. especially in the keying of the arches, In 
bad ground, the stone used should have a great 
strength to resist crushing, and the lining should 
be of ample thickness, When galleries and large 
drains are built to carry the flow of water, they 
should be made as accessible as possible, to 
facilitate maintenance and inspection. 

When an important railway is built across 
treacherous ground, Mr. Siegler believes it bet- 
ter to build twin single-track tunnels. The first 
cost will not be greatly increased, as the diffi- 
culties increase rapidly as the section is en- 
larged, and there will be a saving in future 
maintenance. By stopping traffic in one tunnel, 
the work can be done without interference, while 
trains pass through the other at their regular 
speed. Indeed, the difficulties of strengthening 
an old double-track tunnel are so great, that Mr. 
Siegler suggests that in some cases it may even 
be advisable to adopt the extreme expedient of 
building a new single-track tunnel at a sufficient 
distance, and to close the large tunnel] while the 
work is in progress. 


AN IRRIGATION SYSTEM for the Boston Common is 
reported as being under construction. A considerable 
length of pipe will be laid beneath the Common, and 
sunken hydrants for hose connections will be placed at 
convenient intervals, thus affording facilities for water- 
ing the grass, shrubs and trees whenever necessary. 





Cleaning Water Filters.* 


By 8S. BENT RUSSELL,t M. Am. Soc. C. E. 


The writer had occasion to visit a number of important 
[water filtration] plants last year and was especially in- 
terested in noting the results secured by washing appli- 
ances in practical operation. * 

The following matters come under the head of washing 
appliances: 


Capacity of wash-water plant. 

Storage for wash water. 

Distribution of wash water. 

Pressures and velocities. 

Agitation. 

Trough system for wash water. 

Waste-pipe system. 

The capacity of the wash-water plant and the size of 
the unit are, of course, mutually dependent. The re- 
quired capacity may be expressed in its relation to other 
factors by a few simple formulas. The capacity may be 
measured in three ways, viz.: 


Qa = The amount of wash water required in a day 
of 24 hours, 








Qm = The maximum amount per minute. 
Qw = The amount required for one washing of one 
unit. 
Let R = Rate of filtration = number of cu. ins. fil- 
tered per sq. in. of filter bed per minute; 
and r = Rate of washing = number of cu. ins. of 
wash water required per sq. in. of filter bed 
per minute; 
and e¢ = Capacity of one filter unit in gallons per day 
of 24 hours. | 
1,440 r 
Then Qu = —. (1) 
R 
and Qm = = x : (2) 
R 1,440 


For a rate of 120,000,000 gals. per day R is about 3. 
For washing as done at Cincinnati r is 24 (see Table II). 


r 
Taking these values, — = 8 and Qm = .00555c. 
R 


No.20 Brass Wire 
/ Screen, Wtolin. 






Fig. 1. Water Filter Strainer System at Cincinnati, 
Ohio. 

For c = 1,000,000 gals. Qm = 5,550. (3) 

Let p = Number of gallons of wash water required to 
100 gals. filtered, with worst water; 

and ¢ = Length in hours of filtering and washing 

cycle, with worst water. 

pet - 

= P (4) 

2,400 
In a given case, if p = 3, c = 1,000,000 and ¢ = 12, Q = 
15,000 gals., which is the amount required for one wash- 
ing. 





w 


npe 

100 
when » = the number of filter units. All values of Q 
are in gallons. 

Now where a separate pumping plant for wash water 
is to be used, if there is no storage, the pumps must 
have a daily capacity equal to or greater than 1,440 Qm. 
If we have storage equal to Qw, the daily capacity must 
be not less than Qa. Qw is, of course, the minimum fo: 
storage capacity in that case. 

Let n = 10, p = 3, ¢ = 1,000,000; then Qa = 300,000 gals. 
per day. If Qm = 5,550, 1,440 Qm = 8,000,000 gals. per 
day. 

We may then have an 8,000,000-gal. pumping plant 
without storage or a 300,000-gal. plant with 15,000 gals. 
storage. In the above it is assumed that only one unit 
will be washed at one time. Qa is independent of the 
size of the unit, but Qm and Qw will increase in pro- 
portion to the size of the unit. It is easily seen that, in 
the special case given, a 4,000,000-gal. pumping plant 
with not less than 7,500 gals. storage could be used for 
wash water, or other combinations could be made. 

The value Qm fixes the size of our piping and valves for 
wash water, while the number of valves and connections 
is determined by the number of filter units. The com- 


*Being the major portion of a paper entitled ‘‘Notes on 
Certain Points in the Design of e Filtration —, 
read before the Engineers’ Club of St. — aoe 
Nene, = Lao in Jour. Assoc. Eng. Soc., Vol. i. 

0. une, t 

tConsulting Engineer, 415 Locust St., St. Louis, Mo. 


Qa= 


(5) 





<item 
bined capacity of the wash-water pipes an 


is fixed by the total capacity of the filter pla: a 
dependent of the size of the units. To p ‘nother 
way, the combined capacity of our wash-w connec. 
tions is mQm in gallons per minute. The on is 
then, which is more economical for both at od 
operation, ten 20-in. valves or a number of valves 
having equivalent total capacity. It is prob hat ur 
to 36 ins. the larger sizes will be more ec: al. i 
should be borne in mind that the first cost o: es ang 
connections is a very important factor in hanical 
filters. 

The head required for actual washing is und {s 
therefore, small compared with that for con g and 
distributing the wash water. When we c r the 
great first cost of piping, valves, etc., and small 
proportion of the work put into the wash wa’ ~ that j, 
actually used, it appears that, in some a s, the 
process of washing is a very inefficient one. brings 
the thought that there may be here a field for - »oftabie 
study leading to important savings. The po s that 
some cheaper way should be found of bringing neces- 
sary amount of filtered water back under the | ‘er beg 
with pressure sufficient for washing. It may noted 
here that the volume of water used in a washi usu- 
ally from one to three times the volume of ¢} nd in 
the bed. 


At the new Cincinnati plant there are for w water, 
two centrifugal electrically-operated pumps, ca; y 25,- 
000 gals. per min. each, and a storage reservoir on the 
hill 400 ft. distant of 190,000-gals. capacity. This stor- 
age is more than enough for two washings, while at the 
same time the pumping plant has twice the capacity re- 
quired for washing. 

The distribution of the wash water is a matter in which 
the size of the filter unit is an important factor. It js 
necessary that the wash water be made to rise uniformly 
through the entire bed. The difficulty of doing this evi- 
dently depends upon the ratios that the length and width 
of the sand bed bear to its depth. As the water will 
follow the line of lowest resistance it is necessary to 
make the resistance equa! for all parts of the bed. Time 
will not permit our going into a detailed discussion of 
| High Water Line 
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Fig. 2. Troughs for Waste Water from Washing 
Water Filters. 


how this is done, but it may be noted that a new idea 
was tried in the Cincinnati plant. The wash water 
enters through perforated brass plates in the bottom of 
longitudinal concrete troughs which are filled with gravel. 
To guard against possible rising of the gravel the troughs 
are covered with brass wire netting above which is the 
sand bed. This netting is the novel feature (Fig. 1). 

The pressure under such a strainer system as this is a 
matter of interest. The pressure must be sufficient to 
cause the sand to rise and be suspended by the current. 
Let D = The specific gravity of a particle of sand, 
and V = Volume of the voids in 100 volumes of sand; 

8S = Depth of sand bed in feet 
H = Extra head in feet to raise sand. 
PP ct etme @ 
100 
Let V = 30, D = 2.6, and 8 = 2.5. 
Then H = .70 x 1.6 x 2.5 = 2.8 ft, 

To see if the theory of formula (6) is corre:!, an ex- 
periment was made last year on a large filter under the 
direction of the writer. A glass gage was connected be- 
low the sand and the pressure was observed with a0 
increasing upward flow of water. The difference in level 
of the water in the gage tube and that over ie sand 
showed the lifting head. This head increased a: the flow 
of water and without raising the sand unti! ‘he critical 
head was reached, when the sand began to ris» in spots. 
The measured head at this point substantia!!, agreed 
with that shown by formula (6). Further sc rease !0 
the flow did not materially increase the hea‘ 

It may be said by way of.rough measurem:.: that the 
extra head necessary to put the sand in su*)<nsion 's, 
for ordinary sands, approximately equal to t!- depth of 
the sand, 

As a filter cannot be properly washed w ‘out sus 
pension of the sand, it is clear that the h water 
must be supplied under sufficient pressure © provide 
this extra head,at"all points, This is =» ‘mportast 
factor in the-@esigm of the strainer systex ‘ ~ eds of 
lack of time, as state’ «dove, ¥° 
me differ 
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the strainer-system details of individual plants 
will be ooted later, and in the bottom lines of Table | 
will be ‘ound further data in this connection. 

It may be said that the head required for actual wash- 


ences 


ing 13 »proximately equal to the depth of the sand 
and, a noted before, we see that the work done in ac- 
tual wo-uing is small, It is known that the head lost 
in fil on through ordinary filter sand at 3 ins. per 
pin. .bout two-thirds of the depth of bed when the 
sand lean. As the head of filtration may run as 
high : to 12 ft. or more as the bed becomes clogged, 
it m ve said that the head of washing is about one- 
third the head for filtering, and if we are using 3% 
of was) water, the work of actual washing is probably 
less 5 1% of the work of filtering. The work in 
HP. bo.rs consumed for wash water in existing plants 
is fac greater than this would indicate, however, for 
reason’ already noted. 

Agitotion with air is used in many plants to assist 


washing. Air is forced under the bed and flows up 
through the sand and water. It is evident that the 
pressure must be mot less than that due to a head of 


water equal to the depth of the sand. In practice about 
3 Ibs. per sq. in. in the supply pipes is used. From 2 
to 8 cu. ft. of air per sq. ft. of filter per min. is fur- 
nished. 

The uniform distribution of the air is, of course, a 
most important consideration. Now the resistance to 
flow of the strainer system must affect the distribution. 
In the table are given data indicating the comparative 
resistance of strainer systems to air. 

It is probable that the net work of cleaning the sand 
is about the same with air agitation as when washing 
is done with water alone. About 3,000 cu. ft. of air for 
each agitation is required for a 1,000,000-gal. unit. In 
some plants the air is stored in tanks under high pres- 
sure. Less horse-power in engines and boilers is thus 
required, but the efficiency is also reduced. 

Experience has not yet demonstrated which is more 
economical or advantageous in operation, agitation with 
air or a high rate of washing without air. In the mat- 
ter of first cost, too, it is still an open question which 
system has the best of it. Where air is used, as in 
Harrisburg, however, without a separate pipe system, the 
first cost of the air plant is low, but, on the other 
hand, it is doubtful if a good distribution of air is thus 
obtained. 

The design of the trough system above the sand bed 
to carry off the waste water while washing is an impor- 
tant matter, In the first place it is difficult to compute 
the true discharging capacity of a trough receiving water 
all along its length. In all plants seen in operation by 
the writer the troughs were more or less deficient in this 
respect. The actual capacity was less than the flow for 
which they were designed. On the other hand, too much 
excess capacity is undesirable. At each washing the 
volume of water in the trough system is wasted without 
useful effect and hence this volume is equivalent to 
clearance or lost motion. 

As to elevation of troughs, experience indicates* that 
the sand, when in suspension, rises to a height approx- 
imately equal to the upward velocity of the wash water. 
If the troughs are set too low, the sand wil] be lost. If 
they are set too high, so much more water is required at 
each washing to obtain the same effect, as only the 
wash water that goes through the troughs is effective 
in carrying out impurities. 

In good practice the troughs are spread not more than 
6 to 7 ft. apart, as shown by maximum travel to trough 
(see table; for distance 1, see Fig. 3.) 

The waste-pipe system that takes the wash water with 


*Mr. Benzenberg, of the Cincinnati plant, stated that 
his experiments proved this to be true. 








its load of impurities away to the point of disposal may 
be a matter of some moment. Its required capacity may 
be computed in the same way as the wash-water supply 
pipes. In most plants the waste pipes are of no great 
length, but where the filter plant is placed a long distance 
from a suitable water course the waste-pipe system may 
add a large item to the cost. In such a case, as the dis- 
charging capacity must be proportional to the size of the 
filter unit, the general design of the plant may be ma- 
terially influenced. Moreover, it may be noted that in 
such a case egitation with air would have a distinct ad- 
vantage over a high rate of washing without air. 

We will now consider actual practice as to some of ihe 
matters above referred to. The writer had opportunity 
to see in actual operation the mechanical filter plants at 
Cincinnati, Little Falls, N. J.; New Milford, N. J.,* and 
Harrisburg, Pa. In all these plants rectangular gravity 
filter tanks of concrete are used. In each plant the 
writer saw the operations of washing carried out. 

CINCINNATI, OHIO.—At Cincinnati the Ohio was in 
flood and the raw water very turbid. Only one of the 
primary settling basins was complete and in use. All 
the coagulating basins were in service. One and one- 
quarter grains lime and 2% grains sulphate of iron per 
gallon were being used, and most of the sediment w4s re- 
moved in the basins before reaching the filters. 

With bad water, the filters were washed twice in 24 
hours. Filtered water was used for washing. They 
were washed for one-half minute at less than half rate, 
then four minutes at a 2-ft. min. rate. Washing was 
stopped before the wash water was clear. Bach washing 
took about 65,000 gals., and it was said that the con- 
sumption of wash water sometimes ran as low as 2%. As 
the writer remembers, the small troughs were overloaded 
while washing, but the collecting drain had excess ca- 
pacity. The sand was completely in suspension at the 
2-ft. rate. The washing was not, however, equally vigor- 
ous all over the bed. It was better at the end of the filter 
nearest to the wash-water supply main. This indicates 
that the friction in the distributing pipes under the filter 
is considerable. The filtered water was beautifully clear. 

This is the largest mechanical filter plant in the world, 
and the first large filter plant for highly turbid water in 
the United States. 

At the Cincinnati plant all gates for washing are oper- 
ated by electric motors. They seemed to work well. 

For regulating the charging of coagulants, a special 
alarm clock is used which strikes at regular intervals. 
The length of the periods can be quickly altered by chang- 
ing the transmission gears. 

The controlling device used for regulating flow is of a 
new type. An independent hydraulic motor is used to 
move the valve proper, giving a very close automatic reg- 
ulation. The filters of this plant are entirely within the 
filter house, which makes inspection of them more at- 
tractive than in other plants. 


LITTLE FALLS, N. J.—At Little Falls agitation with 
air is used. By a system of trapping, the air is made to 
pass through a smaller orifice than the wash water at each 
point in the strainer system. When the filter is ready for 
washing, the water is drawn down about 6 ins. below the 
trough weirs and the air turned on. The air is blown 
at a rate of 1,500 cu. ft. per min. for three minutes. 
The pressure at blower is 2% to 3 lbs. per sq, in. The 
agitation lasts three minutes and appears to be very vig- 
orous. The wash water is then turned on and the bed is 
washed at a rate of 9 ins. per min. upward flow. All 
valves for filters are operated by hydraulic cylinders. To 
run the filter plant, the superintendent and six men are 
on the day watch and two men only on night watch. 

The Hackensack plant at the time observed was run- 


*Belonging to the Hackensack Water Co. 
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DETAILS OF VARIOUS FILTRATION PLANTS, 


Length 00 Gir MINE. fogs occ cvncvccccede cscs suvccce 
Width of filter unit, ft........ 
Depth CE IS Os Sh SA edie ae ccc cktccccccensesecescose 
Height of weir above sand, ft. (B, Fig. 2).........+++. 
Maximum travel to trough, ft. (1, Fig. 3)...........+-- 


Available positive head on strainers, ft..........- gene 
Available negative head on straine ies dd daeces ese 
Available total head for filtration, ft...........--..-+ 
Depih of water Om sand, ft....ccccceccvencccscscccces i 





a Ee ecaecn'ce « 
Loss of head in feet at strainer openings: 
t PURGUI os cae ea ciswict aise deswebesecancccéces 
{WaSMR ss tees cs Cbs bebuccceseseb sGsewpscoceneses 
TAIP Vepeeehee sedi ce cctasceberceeessaceeteecce Wows 
Date of installation, appro ah canbe Gatad vheene 
Capacity of plant, atlion gallons per day............ 
marie unit, million gallons per day............ 
Rate of filtration, million gallons per acre per day.... 
_ ‘f washing, inches per minute flow 
DOM RUC MIG AURG OWES UENES be © be Cede Cc cde Ress oeee 
Air ‘or agitation, direct ping or stored............ 
Wash water, direct sles ox sored 


eee n ee eeeee 


Cee eee eee eens 


acken- St. Louis 
New Colum- Cin- sack Harris- Little (pro ) 
Orleans. bus. cinnati. Water Co. burg. Falls. 
53 27.67 BO 46.67 26 24 80 
27 46.67 32 25.8 15 4a 
3 2.5 2.5 2.5 2.5 2.5 4 
2.5 1.0 2.5 1.0 1.33 1.0 1.17 

2.44 3.2 3.5 3.2 3.4 3.5 . 

10 dsee 5.5 wese oese 7 eove 
8.5 a 2.5 “sae chase 3 pene 
18.5 ebde 8 ese 8.5 10 ecee 
6.5 4.2 3.0 4.17 sos 4 45 
0.35 0.38 0.34 042-050 0.38 040. .... 
Fes 0.18 0.34 0.145 0.21 0.29 0.10 
_— 0.023 — 0.023 0.21 0.018 .... 
ike inns 0.05 ehee ° Se “cae 
‘ows . 3.7 cing 1.5 ee 
ein ‘ a sais 0.02 62 ewer 
1909 1908 1908 1905 1902 1902 

30 112 24 12 32 120 

4 3 4 8 1 1 5 

10 10 28 8 12 32 24 

125 120 110 120 80-120 125 63 

30 as 24 << 9 9 én 

-- Air _ Air Air Air ir 

— Stored = Direct Direct Direct _ 
Stored Stored Stored 00 ébes Direct Direct teen 
_~ r. 





Time of settling, without pas 
Time of settling, with coagulants........ 


‘the area of strainer openings is 
tTse loss t 
Plates For 


ihr 48 br. = _ - 
Thr. 12hr. Shr. 12 br. Shr. 1%br. 12 br. 


the or waterway and is given in per cent. of the filtering area. 
a ties gh open y+ pane with the coefficient of efflux for orifices 


in thin 
of water. All values are approximate only. 





ning at some disadvantage as the only settling basin was 
out of use and being cleaned. While speaking of this, 
it may be noted that this basin was at such a low eleva- 
tion with respect to the river, which was considerably 
above low stage, that the drain pipe would not carry off 
the mud and water, which stood over knee deep in the 
middie of the reservoir. Cleaning was, of course, slow 
and expensive. About 2 ft. of pasty mud had accu- 
mulated in two and one-half years. 

While the basin was out of service the raw water flowed 
on to the filters immediately after receiving the coagulant, 
making extra work for the filters. In the filters here 
the strainer system is of perforated plates at the bottom 
of square hopper-shaped chambers of concrete filled 
and covered with gravel, the purpose being to leave no 
dead space that might become foul. The air is brought by 
an independent set of perforated pipes above the gravel. 
The writer saw one filter washed and noted that the air 
agitation was not uniform throughout the bed. It was 
said, however, that this particular filter was the only one 
that gave trouble. In the plant as installed, the alr for 
agitation was furnished by air compressors and tanks for 
storage under 150 libs. per sq. in. pressure. A positive 
rotary blower is now used instead. All filter valves are 
operated by hydraulic cylinders. The plant was running 
at its full rated capacity at the time visited. 

HARRISBURG, PA.—At Harrisburg the water !s pre- 
pared for filtration by first adding one-half of the coagu 
lant, then settling eight hours, then adding the rest of 
the coagulant and settling one hour. When the water is 
bad only three-eighths of the coagulant is added for the 
first treatment. It is thought that if this treatment were 
preceded- by three hours’ settlement without coagulant, 
better results would follow. The filters are washed when 
the head of filtration reaches 3% to 5 ft. The head is 
never allowed to exceed 8% ft. A unit is never run over 
24 hours without washing, although it could be run 40 
hours when water is good. When the water is cold the 
runs are shorter. At such times a filter is washed as 
often as five times in 24 hours. 

The washing rate is about 9 ins. per min. and the 
troughs are overloaded, so that the best effect is not 
obtained. It is thought that better results could be had 
with a 12-in. rate and deeper troughs. 

These filters have a very simple strainer system of per- 
forated pipes. The air and water take the same course. 
The writer noted that the air is not well distributed at 
the beginning of agitation. The distribution gradually 
improves, however, and at the end the air is coming up 
all over the bed, although still stronger in spots. The 
agitation lasts three minutes, with about 1,000 cu. ft. per 
min., which is about 2.3 cu. ft. air per sq. ft. per min., 
and with 2 lbs. air pressure at blower. One filter was drawn 
down after washing so as to expose the sand. There 
were irregular areas of clean sand and areas covered 
with a dark deposit about 4-in. thick. Washing without 
air has been tried without any apparent loss of efficiency, 
but it was not thought prudent to continue the practice. 
No storage is provided for wash water or for air. The 
* waste water has to be disposed of by pumping when the 
river is high. All filter valves are operated by hydraulic 
cylinders. They give satisfactory service. The records 
show that these filters have given excellent bacteriological 
results. 


COLUMBUS, OHIO.—The writer also visited the filter 
plant at Columbus which at the time was nearing com- 
pletion. It is intended to soften and purify the water. 
Lime and soda ash solution will be used and if neces- 
sary sulphate of alumina will be added. The strainers are 
perforated plates in the bottom of concrete troughs, 
filled with gravel.* Air is supplied through separate 
pipes, as at the Hackensack plant. Storage is provided 
for both air and wash water. Air is stored at 60 Ibs. 
pressure in overhead tanks in filter house. The expecta- 
tion was to wash two to three minutes, then agitate, then 
wash two to three minutes again. 

NEW ORLEANS, LA.—The new filter plant at New Or- 
leans was under construction last year. The writer did 
not visit the plant, but was interested in learning its 
general features. The washing system is much like that 
of Cincinnati. No air agitation, but a high rate of up- 
ward flow, is used, and the gravel is held down by wire 
screens. The wash-water supply system has new fea- 
tures. The wash water is stored in long steel] tanks ex- 
tending overhead above the pipe gallery. These tanks are 
connected to an air receiver under pressure. There are 
no wash-water pumps. The wash water is drawn from 
the high-pressure pump mains. 


OTHER PLANTS.—In the table are given dimensions 
and data of the mechanical filter plants above referred 
to. There have been included also similar notes of a 
mechanical filtration plant that was designed for St. Louis 
about eight years ago. This scheme was proposed by 
Mr. Edward Fiad, then water commissioner. The writer 
assisted in making the design. 

The plans are shown in some detail in the report of the 
water commissioner for the year ending April, 1902. Air 
agitation was included, with separate air distributing pipes 


*The troughs are narrower and ‘shallower than those 
oe 1 and there is no wire netting above the 
gravel. 
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enclosed in the collecting pipes for water. The details 
present many novel features. Special effort was made to 
secure a good distribution of air and wash water on ac- 
count of the great size of the filter beds. No gravel was 
to be used, as the writer remembers. 

In addition to mechanical filter plants, the writer visited 
about a year ago the slow sand filtration plant at Pitts- 
burg and the experimental plant in Jerome Park, New 
York. At the latter place the writer saw some test runs 
made with the Blaisdell patent filter washing machine.* 
This machine is electrically driven and travels over the 
sand bed, raking the surface and washing away the im- 
purities. From 2 to 18 ins. in depth is washed. It 
seemed to do good work on a filter bed 15 ft. wide. 

At Pittsburg the new plant was in operation. The 
water supplied to this plant has at times proved to be 
more difficult of filtration than was expected. At such 
times a rate of only 1,000,000 gals per acre per day is 
obtained. There are 43 units of one acre each. The 
writer took a special interest in the electrically-driven 
mechinery which was on trial for scraping and washing 
and restoring the sand to the filters. 


The Effect of Superheated Steam on Cast- 
Iron and Steel.’ 


Strength Tests of Cast-Iron Fittings After 
Use with Superheated Steam. 
By IRA N. HOLLIS, M. Am. Soc. M. E. 


The failure of a number of large cast-iron fittings in 
use with superheated steam has rightly created a wide- 
spread suspicion of this material when exposed to high 
temperature. Yet on this subject there is very little in- 
formation of a character to justify the wholesale substi- 
tution of steel castings for the crdinary heavy cast-iron 
fittings. The latter have been used with success for 
many years at all degrees of temperature below actual 
redness, and in many stations now in operation with mod- 
erate degrees of superheating (say 100° F.) cast-iron has 
never given the slightest trouble beyond the ordinary 
wear and tear. 

The doubt as to the reliability of cast iron has seemed 
to spring up with its use in long pipe lines to steam tur- 
bines where the temperature has ranged from 550° to 
600°. This would lead one to ask if the difficulty has 
not been in the design of the piping systems rather than 
in the character of the material. Has not the cast iron 
taken the brunt of a new service and has it not suffered 
in the estimation of the engineering public because the 
conditions of that service were not fully understood? 

A vast amount of experiment and investigation would 
be required for the satisfactory reply to this question, 
and this brief paper is not intended as a reply, but rather 
to place before the society a record of some tests that 
may throw light on the subject. These tests were made 
for the Edison Illuminating Co., of Boston, for the pur- 
pose of determining the bursting strength under hydrau- 
lic pressure of some large fittings which were replaced 
with steel castings. 

It may be well before giving the result of the tests to 
inquire what is actually known about cast iron subjected 
to high temperature; that is, known without the possi- 
bility of controversy: 

(a) Fittings have developed cracks and small changes 
of shape after a few months of actual service. 

(b) Fittings exposed separately to superheated steam at 
a temperature exceeding 500° F. have shown a per- 
manent increase of some dimensions 

(c) The tensile tests of pieces cut from fittings that had 
failed in service indicate in some cases the possibility 
of permanent loss of strength. 

The remainder of the evidence in the case may be 
classed as good guesswork based upon some preconceived 
theory as to the behavior of the constituent parts of cast 
iron in a rising temperature. 

One of the curious and interesting qualities of cast 
iron is its permanent increase of dimensions under high 
temperature. This is paralleled by the permanent set of 
cast-iron test pieces when subject to very moderate ten- 
sile stresses. In both cases the cast iron apparently con- 
tinues to grow at a decreasing rate, at least in some di- 
mensions, when the high temperature or tensile stress is 
repeated. How long this growth would continue is not 
known. Its probable limit is the flow of the material 
under the ultimate breaking stress. Cast iron may not 
be peculiar in this respect and all materials may change 
permanently their dimensions under moderate stress, the 
change growing with each imposition of the same stress. 
There is no doubt of this where the yield point has been 
exceeded. It may also be that all materials change per- 
manently under repeated application of high temperature. 

The cause of the persistent expansion under high tem- 
perature is still very hazy, but two possible agencies 
have been mentioned in a number of discussions: (a) A 
chemical or physical change in the relation of the iron 
to the various foreign substances which fix it as cast 





[*See Eng. News, March 12, 1908.) 

#Three papers published in the December, 1909, “‘Jour- 
nal” of the American Society of Mechanical 

tProfessor of Engineering, Harvard University, Cam- 
widen Mass. 


iron. (b) A molecular change due to the fact that 
cast iron has no well defined elastic limit or modulus 
of elasticity. 

Both causes may be in operation at the same time, but 
the theory of chemical change has far less standing than 
that relating to the stresses produced by unequal expan- 
sion. While there is a temperature at which carbon 
changes its relation to the iron, superheated steam is 
probably well below that point except under very unusual 
conditions. 

That cast-iron loses strength when exposed to super- 
heated steam at 600° is not conclusively proved. The 
most that can be said is that test specimens taken out 
of cast-iron fittings after one year or more of exposure 
to a temperature of 550° to 600° have shown a surprising 
irregularity of strength in the same casting. But there 
is nothing to prove that new cast-iron fittings have not a 
great lack of homogeneity. Irregularities exist in every 
casting owing to the inability of the metal to flow when 
cooling below a certain temperature. Furthermore, the 
strength of a test piece cast from a given heat can rarely 
be taken as that of any selected part of the fitting cast 
from the same heat. It is common experience to find 
variations of strain in castings as well as variations of 
texture. Were any large, irregular casting cut into small 
test pieces, the variations of strength would probably 
be found to be quite as great as that reported later on 
in this paper. The demonstration of the loss of strength 
after long service with superheated steam does not seem 
either complete or conclusive. 

A very brief description of the essential features of the 
Edison station will help to make clear what follows. 
The new part of the station is arranged in a series of 
complete units each consisting of one vertical Curtis 


* turbine and eight boilers set in pairs. The main steam 


line extends along the rear ends of the boilers just be- 
neath the brick work, four 8-in. vertical steam mains 
connecting each pair of boilers with the main line. 
Three of the vertical mains discharge through gate valves 
into tees, and the fourth, at the end of the line, through 
a gate valve into a bend. 

The first turbine units were provided throughout with 
cast-iron fittings, which were ultimately replaced with 
steel fittings. No expansion or slip joints are used. 
The main steam line (something over 103 ft. long) is an- 
chored at the turbine end and is allowed to expand 
freely in a longitudinal or horizontal direction carrying 
the lower ends of the vertical mains with it. The steam 
pressure is 175 Ibs., the superheating generally amounts 
to 150° F., although it is not constant. The actual 
temperature of the steam varies from 500° to 580°, so 
that the main line is changing in length from time to 
time, thus moving the lower ends of the vertical mains 
back and forth. A series of variable stresses are con- 
sequently introduced into all parts of the pipe system, 
probably affecting most seriously the tees. It is this 
aspect of the case, namely, the effect of varying stresses 
upon cast iron at high temperature, that must be studied 
before a sound verdict can be reached. 

The castings in the South Boston station were first 
suspected of failure when nearly a year after the tur- 
bine plant had been put in operation one of the 8-in. by 
6-in. by 6-in. tees near the boiler showed signs of 
deterioration, cracks appearing near the junction of the 
offset with the body of the tee and in the flanges. An- 
other fitting of the same dimensions and location began 
to fail and was taken out after 14 months’ service. Both 
these tees were cut up for testing and the results were 
so much alike that only the second is given here as that 
tee had been exposed the longest to the strain. 

A chemical analysis gave the following: Carbon, 3.47; 
manganese, 0.10; phosphorus, 0.366; sulphur, 0.062; sili- 
con, 1.41. The tensile strength of six pieces taken from 
different parts of the tee was found to be, 12,646, 14,295, 
26,080, 27,270, 27,440, 28,280 Ibs. per sq. in. There 
thus appears to have been considerable variation of 
strength in the tee unless the first two results are errors 
due to some faults in testing. Not considering them, 
the four other pieces do not appear to indicate any great 
falling off in service. They are as near together as 
would commonly be found in cast iron from the same 
heat. The material was supposed to be a first-rate 
quality of air-furnace gun iron which should have been 
good for 25,000 to 30,000 Ibs. per sq. in., but no tests or 
analyses of the heat from which this tee was poured are 
on record, 

Four test pieces cut from a larger tee, 14-in. by 12-in. 
by 8-in., which had had about the same service as that 
from which the foregoing test pieces were cut, gave a 
tensile strength of 23,130, 23,480, 23,875, 24,170 lbs. per 
sq. in. Here again there was absolutely no proof that 
the material had deteriorated. 

Three test pieces were taken, for comparison, from a 
large manifold which had been seven years in service 
with saturated steam, and the tensile strength was 
found to be 16,413, 16,550, 17,000 Ibs. per sq. in. The 
nature of the cast iron was not known positively, but it 
was bought as air-furnace gun iron. 

It was fully recognized in the first of the foregoing 
tests that, while the material might not have suffered 
in service, nevertheless parts of the casting might have 


— 
been weakened by the expansion stresses. the pur. 
pose of testing this, two tees were remov from 1, 
line and broken by internal hydraulic p; re, thus 
affording a definite idea of the strength o/ castings 
as a whole. A third casting, an elbow n reviously 
in use, was added for comparison. The thre ings are 
shown in Fig. 1 in which the measured di. ons and 
the location of the fractures are given. 

The material was the same as that used all the 
fittings of the turbine unit, air-furnace cu Qn, and 
the chemical constituents were probably abou ¢ same 
The two tees had been exposed to superhea eam of 
578° F. and less for 15 months, or longer, d when 
removed had given no indications of weakne A care. 
ful examination disclosed no appreciable dis jon ex- 
cept in the faces of the flanges which were longer 
plane surfaces. There were several high spots «at couig 


not have existed when the flanges were faced « 

No. 1 was a 14-in. tee with an 8-in. offset. @ open- 
ings were closed by heavy-cast-iron plates fi to the 
flanges and bolted. The pressure was prodisi by a 
steam-driven outside-packed plunger pump, 11 was 
measured by means of a small conical safety ve, one- 
tenth of a square inch in area, and directly | idea by 
dead weight applied as the pressure increased. © ie ndj- 
cations of the small valve were constantly com) :red with 
a hydraulic gage previously tested and calibra: at the 
Crosby manufactory. The fitting broke as shown at ap 
internal pressure of 1,650 lbs. per sq. in. Jie plates 
covering the openings did not reinforce the toe to any 
great extent as the bolts were smaller than the holes and 
the joints around the flanges were leaking a), reciably 
when the fracture occurred. 

No. 2 fitting was an 8-in. by 6-in. tee. It was broken 
in precisely the same manner as No. 1 and gave way 
at an internal pressure of 3,100 Ibs. per sq. in. 

No. 3 fitting was a 12-in. elbow. Its two openings were 
closed with cast-iron plates and it was burst in the 
same way as the others. The joints practically gave out 
at a pressure of 2,000 Ibs. per sq. in. although the pres- 
sure was kept on for some minutes. For the second at- 
tempt to run the pressure up, the bolts were set up with 
a very heavy wrench, which undoubtedly put a bending 
moment on the flange. The fitting finally parted all 
around the root of the flange at a pressure of 1,500 ibs. 
per sq. in. 

Four test pieces were cut from the larger tee and 
broken under tensile stress. Their dimensions were 
almost exactly %-in. in diameter by 6 ins. between 
fillets. Two of them were broken cold and gave a ten- 
sile strength of 22,150 lbs. per sq. in., and two were 
broken at a temperature of 590° at 20,050 Ibs. per sq. in 
The temperature of the latter was maintained by means 
of a cylinder-oil bath, the oil being placed in a large 
tube surrounding the test piece and kept hot by a gas 
flame. 

No information could be obtained as to the original 
strength and chemical composition of the iron and it 
would be impossible to prove that it had changed either 
in strength or in composition. There is ground, how- 
ever, for believing that it had changed, as the smaller 
tee mentioned gave as high as 28,000 Ibs. tensile strength 
in one specimen. 

A comparison of the larger tee with those tested and 
reported in the ‘Valve World’’ for November, 17, 
throws an interesting light on the subject. The formula 
there published as derived from a very large number of 
tests of cast-iron and ferro-stee] fittings may be taken 
as a basis for calculating what should have been the 
bursting pressure of the i4-in. tee. This formula is 


T 
B=—-.x 8, 
where D = inside diameter of the tee. 
T = thickness 
8S = tensile strength of the materia! multiplied 
by 60%. 


B = bursting pressure in pounds per square inch. 

Taking the tensile strength of the cast iron when hot 
at 20,000 Ibs. per sq. in., the diameter of the tee at 14 
ins. and the thickness at 1% ins., the value of B is 
1,070 Ibs. per sq. in., whereas the tee actually burst at 
1,650 Ibs. This did not seem to indicate weskness or 
deterioration. 

It is interesting to inquire here what stress existed 
in the tee during its service. That due to ‘le steam 
pressure was small when compared with the ac‘! burst- 
ing pressure, but that due to expansion may !ave been 
serious in its effect. The first tee in the min steam 
line was located at 4 ft. 856 ins. from the anchorage, 
the second 37 ft. 8% ins., the third 70 {:. 8% ins. 
and there was no expansion joint to ease of! the pres- 
sure on the vertical mains. Taking the thi tee for 
purposes of illustration, certain supposition: an safely 
be made: 

(a) The lower flange of the vertical pipe .oves in 4 
horizontal plane as the main pipe expands. 

(b) The upper end the vertical pipe i: practically 

the pipe thus puts 
an S-bend ‘in Ahe vertical pipe and intro‘ces lars 
ends of it and © ‘o the tee. 
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— 
and the upper end is 26 ft., but the length between the 
upper surface of the tee and the upper end of the pipe 
is about 28 ft. 

The !'rear expansion of the main steam line is about 
3 ins. wen heated to 578° F. The effect of this is sup- 
posed to be halved by cutting the pipe short and spring- 
ianges into place when making the joints. There 


the 
m¥ hus on initial deflection in the vertical pipe. This is 
overc¢ as the pipe is heated and carried as much 


farther on the other side. The value of the deflection 


Z aty 14 bolts: nase circles 
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|_Bight 134 bolts: 103f piteh circles 


No. Failed. (4-8) 
1690 Ib. per sq.in. 





; Failed [C-D-E) 
g Nos 3100 Ib. per sq.in, 
Failed [F-G) 
wan 1500 Ib. per sq.in, 
{Previously held 2000 us.) 
Twenty 1g bolts: 
17 piteh circle 
No.3. 





Sixteen 134 bolts: 

17% piteh circle 

Fig. 1. Points of Failure of Three Cast-lron Fit- 
tings Tested with Hydraulic Pressure. 


(The two tees had been in use about one year with 
superheated steam 175 Ibs. pressure; superheat, about 
150°. The elbow had not been in use before the test). 


in the lower end of the pipe is then taken at 1.5 ins. 
The maximum deflection of a beam fixed at one end and 
moved parallel to itself at the other end is 


Wwe 


12 HI 
W = load in pounds or push of the horizontal pipe. 
1 = length in inches. 
EF = modulus of elasticity. 
I = moment of inertia of the pipe. 

The inside diameter of the pipe is 8 ins. and its thick- 
ness is 0.322-in., giving the value of J = 72.5. # is 
taken at 30,000,000. 

The equation for the deflection is then 


312° W 


12 x 72.5 x 30,000,000° 
and W is found to be 1,288 Ibs. Thus if the expansion of 
the pipe is exactly split by cutting the main line short, 
the push on the lowér end of the vertical mains is 1,288 
lbs. The point of contrary flexure in the S-bend of the 
pipe is about 179 ins. above the junction of the offset 
of the tee with its main body. The bending moment in 
the offset of the tee is therefore 1,288 x 179 inch-pounds 
and the stress set up is 
at Mec 1,288 x 179 x 5 
ay 290 
While this calculation is not entirely reliable on ac- 
count of the uncertainty as to the elastic curve of the 
vertical pipe, nevertheless it is a fair indication of the 





if = 





= 3,975 Ibs. 


the s:pposition that the expansion of the pipe was les- 
sened .y an initial pull and that all the joints came ex- 
actly ‘air before setting up the bolts. 
imagine how serious the stresses might have become 
under sctual conditions of inaccurate fitting. The one 
slemen' of splitting the expansion is very uncertain. 
The foregoing stress might easily have been 

sulting in pulling the tee quite out of shape and in set- 
an internal strains certain to weaken the 
Diaces, 

Under such conditions it was, and 
be, wis to replace the cast-iron tees 


which would yield more readily to expansion and which 
would be safer at much higher tensile stresses. The rea- 
son for the substitution ought not to be lost sight of in 
such a case, if cast iron is to be judged fairly. It is 
made because it is cheaper on the whole to replace the 
cast iron with steel rather than to put in expansion or 
slip joints. Perhaps the steel casting is also much easier 
to ‘take care of than any form of expansion joint. The 
unreliability of cast iron in such a service has nothing 
to do with the case; it is merely that the design usually 
adopted for steam piping does not quite fit cast iron. 


Effect of Superheated Steam on the Tensile 
Strength of Cast-Lron, Gun Iron and Steel. 
By EDWARD F. MILLER,* M. Am. Soc. M. E. 

The object of this paper is to describe some experi- 
ments made to determine the effect of superheated steam 
on cast iron, gun iron and steel. From each piece to be 
tested, two tension specimens were made, one to be sub- 
jected to the action of superheated steam, and one to 
be used in obtaining the original strength of the piece. 
All of the specimens were made with screwed ends in 
accordance with the specification prepared by the Ameri- 
can Society for Testing Materials. The tension tests 
were made on a 100,000-lb. Olsen testing machine, the 
specimens being screwed into spherical holders attached 
to the heads of the testing machine, thus ensuring a 
straight tension pull without any bending. 

The specimens to be subjected to superheat were placed 
on a wire grating suspended at the center of a 12-in. iron 
pipe about 3 ft. long, supported horizontally on brackets. 
The ends were closed by blank flanges. Steam was sup- 
plied by a small pipe, a flow at low velocity being main- 
tained at all times. The under side of the pipe was 
heated by Bunsen gas burners. Thermometers, in wells 
reaching down to the grating on which the specimens 
were placed, gave the temperature of the steam, the 
pressure being read from a steam gage on the supply 
pipe. 

For the tests plotted in Fig.1, the average gage pressure 
in the superheating pipe was 93 lbs. and the average tem- 
perature 660° F. The gas flame was extinguished at 
5 p. m. and lighted again at 7 a. m. The temperature 
reached 660° F. by 11 a. m. and by 5 p. m. would be as 
high as 700° or 720° F. Steam was kept in the super- 
heater during the night. The total time these speci- 
mens were exposed to superheated steam was 260 hours, 
and the exposure to saturated steam was 460 hours. A 
chemical analysis of the iron tested is given in Table 1 


TABLE I.—CHEMICAL ANALYSIS OF CAST-IRON 
SPECIMENS (FIG. 1). 


Total Graphi- 
Phos- _ car- tic Mangan- Sili- Sul- 
phorus. bon. carbon. ese. con. phur. 
Cast Iron, Gibby 
Foundry ééee 3.51 3.02 0.37 1.88 0.05 
Gun Iron, Hunt 
Spiller ....... 0.41 3825 260 024 Oh 0.09 


Cast Iron, Broad- 
way Foundry. .... 334 284 O38 2.26 0.09 
For the tests plotted in Fig. 2 the average gage pres- 
sure was 82 lbs. and the average amount of superheat 
about 390° F. These specimens were subjected to 
superheated steam for 520 hours, and to saturated steam 
for 920 hours. A chemical analysis of three of the semi- 
steel specimens is given in Table II. This semi-steel was 
made by adding 200 Ibs. of steel to 1,500 Ibs. of cast 
fron. The analysis of the gun iron showed, total car- 
bon, 3.37; graphite, 2.44; manganese, 9.34; sulphur, 
0.11; silicon, 1.65. 
TABLE II.—CHEMICAL ANALYSIS OF SEMI-STEEL 


SPECIMENS, FIG. 2. 


Phos- Total Manga- 
phorus. Carbon. — nese. Sulphur. Silicon. 


0.24 3.48 2.39 035° 8 8©6 oo. 1.91 
0.61 3.22 2.83 0.44 0.49 2.62 


The composition of two of the rclled-steel pieces No. 
26 and No. 27 was as follows: 


Phos- Total Manga- 


phorus. Carbon. nese. hur. Silicon. 
No. 26.. 0.85 ane 0.73 ay} 0.026 
No. 27.. 0.116 sake 0.90 0.057 0.031 


In Fig. 1 and Fig. 2 the open circles (connected by 
solid line) represent the ultimate strengths per sq. in. 
of the original specimens while the full circles (connected 
by dotted line) on the same ordinate give the strengths 
per sq. in. of the comparison specimens which had been 
subjected to the action of superheated steam. By figur- 
ing the per cent. loss in strength in each specimen and 
then taking the average of those per cents. it appears 
that the cast iron from the Broadway Foundry (Fig. 1) 
lost 9.5%; that of the Gibby Foundry 2.4%. The cast- 
iron of Fig. 2 came from the Waltham Foundry; here 
there is apparently a gain in strength of 1.8%. Fig. 1 
and Fig. 2 show that gun-iron loses strength; Fig. 1 
showing a loss of about 3.5%, and Fig. 2 about 2.1%. 

The tests on semi-steel show an. average reduction of 
strength due to exposure to the steam, of about 0.4%, 





four out of six pieces showing quite a reduction. If 
piece No. 154 is not considered, the percentage reduction 
of strength would be much greater. 

Four grades of steel were tested; two pieces from a 
bar of 65,000 to 70,000-Ib. tensile strength, two from 
a bar of 75,000 to 80,000-Ib. tensile strength, two each 
from three bars of about 90,000-Ib. tensile strength, and 
two from a bar of over 100,000-Ib. tensile strength. The 
65,000 to 70,000-Ib. steel showed a loss of 1.8% due to 
exposure to the steam, the 75,000 to 80,000-Ib. steel a 
loss of 1.9%, the 90,000-Ib. steel a loss of 1.5%, and the 
100,000-Ib. a loss of 24%. 

While one is not justified in drawing many conclusions 
from the results of as few tests as are quoted here, still 
it is evident from Fig. 1 and Fig. 2 that the metals 
tested have suffered a loss in strength due to their ex- 
posure to the steam. A paper bearing on this subject, 
‘“‘Materials for the Control of Superheated Steam,’’ by 
M. W. Kellogg, appeared in the 1907 ‘‘Transactions”’ of 
the American Society of Mechanical Engineers. In the 
“Valve World,’’ March, 1908, are given the results of 
tests on cast iron taken from the body of a 14-in. vaive 
which had been in use for four years on a main carrying 
steam at 200-lb. pressure and superheated to a tempera- 
ture of 590° F. A number of test bars cut from the 
body of the valve showed a loss of strength of 41% when 
compared with the strength of the original metal as de- 
termined from coupons tested at the time the valve was 
made. 


Gun-Iron Valves and Fittings Satisfactory 
for Superheated Steam. 
By ARTHUR S. MANN,* M. Am. Soc. M. E. 


There have been many failures of cast-iron valves and 
fittings in piping systems carrying steam of high pressure 
and high superheat. The ordinary extra-heavy, flanged, 
cast-iron fittings which are listed in many manufactur- 
ers’ catalogues ag suitable for 200-lb. pressure and which 
have to meet a close price competition, have successfully 
earried a pressure perhaps as high as 150 libs. or more. 
No doubt the fittings and valves can support a steady 
pressure of 200 lbs. without bursting, but there have 
been many failures when carrying superheated steam of 
lower pressure. 

These fittings are not too well suited for permanent 
work of even 150-lb. pressure, and many engineers in 
control of such matters in stations of a representative 
type prefer to design their own parts rather than to 
trust the usual run of commercial extra-heavy fittings. 
Probably on account of the advertised ability to support 
a high steady pressure, these extra-heavy fittings and 
valves have been used in a number of instances for 
superheated work. After a short time, six months or 
even less perhaps, cracks make their appearance; valves 
leak, seats become loose, castings grow in length and 
surface cracks become so large in size and in number 
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Fig. 2. Results of Tensile Tests of Gun-iron and 
Cast-Iron Test-Pieces, Showing Effect of Sub- 
jection to the Action of Superheated Steam. 
(Full lines connect ordinates fof test pieces not 

treated with superheated steam. Dotted lines connect 
ordinates of test pieces exposed to superheated steam 260 


hours; average gage pressure, 93 Ibs.; average tempera- 
ture, F.) 


that the casting is removed from the line. A few rep- 
etitions of this experience seem to justify the conclusion 
that cast iron is not fit material for high-temperature 
steam. The natural substitute is steel, which is used 
with fair, even complete, success in many cases. 





*Professor of Steam Engineering, Massachusetts In- 
stitute of Technology, Boston, Mass. 


*Mechanical Engineer, General Electric Co., Schenec- 
tady, N. ¥. 
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It is known that cast iron will grow with repeated 
heatings and coolings, often observed in the ordinary 
straight: grate-bar. When the bar is first heated it ex- 
pands, and cools as it contracts; but if the temperature 
has been high, the bar will have increased in length. 
With a second heating, a further increase takes place, 
followed by many others. As a consequence the long 
single, straight, flat grate warps and proves the wisdom 


il. 
i 


Breaking 
Inch 


2 & 


Breaking Load per Square Inch tn 
oe ee 


Breaking Load per Square Inch in 
Thousand Pounds. 
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that the steam or its high temperature will of itself 
start cracks in a properly designed fitting. 

The ordinary commercial extra-heavy flanged tee, of 
8-in. inside diameter, has a body %-in. and flanges 1% 
ins. thick. It is made of common iron, having a tensile 
strength of about 18,000 ibs. Such a fitting will fail 
with superheated steam at 175-lb. pressure and 200° 
superheat. Within a year the inner surfaces will have 





3; @ 8 10 21 Piece Number 


FIG. 3. CURVES SHOWING EFFECT OF SUPERHEATED STEAM ON TENSILE STRENGTH OF GUN- 
IRON, SEMI-STEEL AND CAST-IRON. 


(Full lines connect ordinates for original test pieces. 


Dotted lines connect ordinates for test pieces exposed 
F.) 


to superheated steam 520 hours; average gage pressure, 82 Ibs.; average superheat, about 390° 


of McClave’s rule ‘‘Keep your long lines of metal away 
from the fire."’ This subject of growth has been treated 
very completely by Outerbridge in his excellent paper 
published in the ‘Journal’ of the Franklin Institute for 
February, 1904. Mr. Outerbridge heated his samples to 
redness or above, temperatures greatly exceeding that 
to which a steam-pipe fitting is subjected. 

A rough experiment on this line was tried by the 
writer with two samples, one of an ordinary cast iron 
and a second of a high-grade cast iron, which has 
proved itself capable of carrying superheated steam and 
of which a detailed analysis is given in the following 
pages of this paper. The two samples were each 6 ins. 
long and 1 in. in diameter.. They were placed in a 
banked fire over night, reaching a dull red heat, and 
were allowed to cool in the air. A slight growth as 
measured by micrometer was found in each piece. This 
treatment was followed for two or three nights and the 
growths were measured. There was an increase in the 
length of each of the samples, the high-grade iron hav- 
ing increased in length slightly more than did the 
ordinary iron. The experiment so far as it went tended 
to show that the growth of cast iron does not necessarily 
unfit it for the usual degree of superheat in power-house 
work, 

Many grades of brass will crumble when heated in a 
forge to a barely visible red, and are quite unfitted to 
support any stress at such a temperature. But this 
characteristic in no way unfits very ordinary cast brass 
for saturated-steam work, and one should not hesitate 
to use a valve of cast brass up to 3 ins. in diameter for 
150-lb. saturated-steam pressure. Three inches is not 
usually exceeded because valves of large brass bodies 
are expensive. 

Articles have appeared in various publications showing 
the disability of cast iron as shown by tensile tests 
made before and after the use of fittings of ordinary 
iron. Cases of bronze seats dropping from valves were 
cited and it was not difficult to prove that something 
better than ordinary cast iron was needed for steam of 
180-lb. pressure and 250° superheat. These failures came 
from two causes. In the first place the iron itself was 
not of sufficiently good quality; and, secondly, the parts 
were not thick enough. The static stress probably did 
not exceed 1,000 Ibs. in the body; but static stress is not 
the important load which fittings have to support. 

Stresses from expansion and contraction within and 
without the casting and stresses from pulling up joints 
no doubt greatly exceed the static load even in pipe 
very carefully erected. The troubles are aggravated by 
the action of the steam itself, but it is yet to be proved 


a network of cracks, some of which will increase in 
depth till they extend through the body. The flanges 
will crack outward from the bolt holes and the fitting 
will become not only leaky but dangerous as well. The 
writer has observed just such castings, an analysis of 
some of them being given later in this paper. Similar 
effects have been experienced by a great many steam 
users. The fittings are inherently weak to begin with, so 
that the failures do not prove that a heavier fitting o/ 
better iron is unsuited for superheated steam work. 

Within the experience of the writer, steel fittings have 
failed with superheated steam. Out of 25 steel gate 
valves, 6, 8 and 10 ins. in diameter, not more than four 
were fairly tight after one year’s service, the bodies 
themselves yielding enough to leak badly. Some defects 
in the castings developed, allowing steam to pass straight 
through the walls. Some of these defects were such 
that the fittings and valves could not be repaired. In 
some cases, seats were scraped in once or twice and holes 
were plugged up or patched, but the material would not 
have been satisfactory without this working over. Yet 
all these castings were heavy, materially thicker than 
the commercially extra-heavy cast-iron product, and had 
passed a rigid inspection. 

Fig. 1 shows a 10-in. steel fitting; the irregular line 
at A showing a defect developed after use. The line 
does not pass clear through the casting, and no doubt 
the piece was amply strong to resist rupture even afier 
the fault developed. Some of these fissures went 3 ins. 
back and 5 ins. broad. Such a large opening in a shell 
is objectionable for there are blow-holes enough adja- 
cent to it to pass steam in large quantities. Some fit- 
tings of this kind were removed from the line entirely, 
while others were plugged or patched. 

No doubt a thoroughly sound steel casting is able to 
withstand highly superheated steam. There are several 
connected to the system under discussion. So far as 
it has been possible to observe, superheated steam does 
not of itself initiate defects and it is not supposed that 
the sound metal undergoes a change, either chemically 
or structurally. But if there is an initial defect, super- 
heated steam is active in bringing out the objectionable 
features of that defect. It may well be that the material 
within the body, and not a part of the actual metal, 
suffers through change of some sort. This material does 
not add to the strength of a casting but it may serve 
to stop up holes if allowed to lie undisturbed. 

It would appear that some material better than the 
ordinary steel casting was desirable for high temperature 
work. Such a material is found in gun iron. Gun iron 
is nothing more than a high-grade cast iron, which any 


—_ 
first-class iron foundry can produce. In th. .,y 


smooth bore cannon, a few foundries disc i ae 
was possible to produce an iron having a t. strength 
of 30,000 Ibs. or more. The government 164 tt for 
its guns and it was called gun iron. Prot 6 fot 
strength of 30,000 Ibs. is not needed in ; Sittings 
but iron of that quality is well adapted for i 1h, gi... 


with 300° superheat. 

From such observations as have been th IT possi. 
ble, it appears that certain elements in ron are 
liable to cause trouble when present in exc 


and q 
haps the worst of these is silicon. It is at | ut fas ” 
too far to say that every high silicon iron fail and 


that every low silicon iron will prove su ful, but 
there is much evidence pointing toward the : 
of such a surmise. In any event, iron of 
low phosphorous and low carbon—in other 
iron—has proved successful. 

The following analysis shows the characte: & Cast- 
ing which failed at 250° superheat: 
SUNCOM 2nd ce cccce ee DMD ; Boe 
Sulphur es ee lS at 
Phosphorus .........0.94 % Combined carbon 0.25% 


rrectnesg 
Silicon, 
ds, gun 





A failure developed also in this iron: 

Silicon .............1.98 % Manganese ..... «0.42% 
Sulphur ............0.068% Total carbon .. . 3314 
Phosphorus .........0.65 % Combined carbon |. \().247 
In each of these cases a sample was taken by lrilling a 


hole straight into the body after the part had been jp 
service a year or more and was in bad condition 

The following analysis is of an iron that has been suc- 
cessful in every respect for four years under 300° sy. 
perheat: 


i ree eee ---1.72 % Manganese ...... . 0.48% 
PE pO ere 0.085% Total carbon .... » 2.45% 
Phosphorus ......... 0.89 % Combined carbon ... 0.17%, 


The latter sample is from an 8-in. valve and i: is tight 
to-day, no repairs whatever having been made upon the 
valve during the four years though the bonnet was 
taken off once to permit internal examination. The outer 
surface of the valve was covered with 85% magnesia in- 
sulation 4% ins. thick. The inner surface appeared 
sound; a microscope revealed no cracks or other defects. 
The unfinished surfaces were struck several sharp blows 
with a ball-peen hammer, a hand chisel was driven 
straight at the surface and some thick chips were cut 
off from the rough portion. If the metal had suffered 
to such an extent as cast iron is supposed to suffer, 
some of thé defects would have made themselves mani- 
fest. After these treatments, the valve was reassembled 
and has continued to perform its work properly. 

Foundrymen are not afraid to attempt to produce this 
iron. No difficulty whatever was encountered in securing 
bids for valves made of the following mixture: 


Silicon .......000.++-+1.40 to 1.60% 
Phosphorus nphiekbipaer to 0.40% 


Sulphur ..... ée'ooea-en 06 to 0.09% 
Manganese ........... 0.45 to 0.75% 


Total carbon .........3.00 to 3.25% 


It will be noted that the percentages of silicon and phos- 
phorus are low. There is of course a decided advantage 
in depending upon chemical analysis for determining the 
suitability of fittings. A hole can be drilled at any time 
in the actual fitting and a few grams of sample secured. 
Very few of us are willing to destroy a fitting to obtain 
a test bar, and test coupons cast in the foundry may or 
may not represent the actual piece. 

Superheated steam was in commercial use in Europe 
before the practice had gained its present hold here. 
England and Germany were using superheated steam 2) 
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Fig. 4. A 10-in. Steel Fitting in Which « Fissure 


Developed as Shown at A after Use With Su- 
perheated Steam. 


or more years ago. The writer has not discussed this 
subject with engineers from abroad, but wishe to quote 
briefly those who have. E. D. Dickenson, ©: Schenec- 
tady, on a recent trip abroad asked a great m..y manu 
facturers whether they used steel for their - »crbeated 
work and received a negative reply in ea. ‘nstance. 
When the manufacturer was questioned in © rd to his 
iron mixture, he shrugged his shoulders an‘ lied that 
he made his iron fit his needs, be it gas-en, —cy!inder 
or steam pipe. John Primrose, in “Power — ‘ the En- 
gineer,” for June 8, 1900, states that he — = 
matter with English and German engine a 

instance a WellAcnown German engineer, » ad wed 
superheat for 25 years, was surprised tha. © bad D0 
learned of the effect of superheated stes upon cas 
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Dece . ber 23, 1909. 
ee 
+ engineer promised to investigate the matter 
ye », but he could find nothing to bear out the 
pen and could find no one who believed that sueh 
a thing s possible. 


It is the author’s intention to state that steel of 
y will not do for superheated work. Some 


q' 
porte rers are putting out fittings of open-hearth 
steel wD are doubtless good; but any foundry can 
make ¢ iron if it will, and delay and uncertainty will 


ve dec: ood by its use. 








O: the Depth of Laying Water Pipe.* 


Three "undred and twenty circulars (appendix) have 
out, to which ninety replies have been re- 


peo The information required by the circular was 
of two lasses, the first comprehending general data in 
regard local conditions and practice in laying water 
pipe, and the second covering the results of particular 


experiences in freezing. 

Concisely, it may be stated that the result of the in- 
vestigation made by your committee is largely negative 
in character: that is to say, it appears that freezing has 
not occurred at the depths generally adopted for laying 
water pipe. Whether these depths are excessive, how- 
ever, cannot .be predicated 
from the information at hand, 
pecause where freezing has 
occurred there has always lo 
been an obvious explanation, 
usually little or no velocity, 
and an analysis of these ex- 
planations and of the local 
conditions pertaining does not 
finally justify any gen- 
eral deduction as to necessary 
depths. 

Considering the results of 
our investigation in greater 
detail, reference may be made 
to the appended tables 
[only one reprinted—Hd.} 
which summarize the replies 
received to the questions of 
the circular. While these 
replies do not provide the 
information necessary for 5 
conclusions of much practi- 
cal value, it is believed that 
there is sufficient infor- 
mation contained therein to 4 
make their publication worth 
while. There is little 
doubt that if a more general 
response to the circular 
had been obtained something 
of real value might have 
been worked out and it may 
be that the presentation of 
the data now collected will 
provide a basis for future 


~ o 


a 


Depth tocerrter of 12"pipe. 


work and stimulate further (Latitude of Atlantic Coast corresponding to these tem- ' 
study of the problem. peratures.) 
From the tabulations it is Temperature 35° = Latitude 39° + 
apparent, as already stated, Temperature 30° = Latitude 41° + 
Temperature 25° — Latitude 48° + 


that in general the depths 
now used are sufficient to pre- 
vent freezing, but it is less 
evident whether or not these 
depths could safely be reduced. Hither it must be con- 
cluded that present standards express the results of a 
gradually developed experience and that the present 
depths are the least which would be safe, or else there 
is a possibility of lessening these depths without danger. 
This conclusion is indicated from the fact that with prac- 
tical unanimity all replies state that the present depths 
are sufficient, and a considerable number suggest that 
lesser depths might safely be used. Whenever freezing 
has occurred it has been largely at night or where there 
was practically no current, and it is believed that where 
there is a velocity, say, in excess of one-quarter of a 
foot per second, and particularly in the case of ground 
water supplies, depths somewhat less than those now 
used would generally be safe. In main feeders, and in 
those portions of the distribution system where there 
will be an assured circulation, the question of minimum 
depths should be given careful consideration. It is not 
in the rains but in the services that most of the trouble 
from frcezing occurs, and in the services such trouble 
usually results from skimping by plumbers or contractors, 
resulting in the actual laying of the services at depths 


_Twen -elght of the places replying report the tapping 
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DIAGRAM SHOWING RELATION OF DEPTH OF 
WATER PIPE TO MEAN TEMPERATURE OF 
COLDEST MONTH IN AN AVERAGE YEAR. 


Temperature 20° 


of service connections on the top of the main, 39 on the 
side, 12 on the quarter, and 7 in various ways. Freezing 
of services generally starts at the house and backs 
out into the main, and it is believed that if services 
were tapped on the side of the main and then dropped to 
the depth required to meet local conditions, the lessening 
of the depth at which the main is laid to that justified 
by the velocity of the water in the main will not result 
in increased freezing of services. 

In determining the depth of pipe, the character of the 
soil and the surface of the ground are factors of some 
importance. In but very few places, however, from 
which replies were received is the nature of the soil 
taken into account in deciding as to the necessary 
depth at which the pipes should be laid. In 10% of the 
replies it appears that some attention is paid to the 
character of the street surface, although apparently 
there is no prevailing rule. Some consider that a pave- 
ment is equal to one foot of cover; others that pipe should 
be laid deeper in a paved street. An average of the re- 
plies received indicates that freezing extends 1 ft. deeper 
in streets than in flelds; also that in streets frost will 
reach 1 ft. 5 ins. deeper in gravel than in clay, with 
sand half way between. In fields it would appear that 
frost will extend 1 ft. farther in gravel than in clay, 
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with sand again intermediate in effect. It is obvious 
that the character of the soil is a factor of such relative 
importance as to demand consideration in determining 
the economical depth. 

Fifty-three places report actual experience in the freez- 


were on dead ends and all were in pipes where there 
was little or no velocity. All but three of the cases of 
freezing were in pipes smaller than 10 in 
onlysevep in pipes as large as 8 ins. in diameter; in 
all cases the ground “was 
pipe, and the ground water level was also 3 
In 80% of the cases the ground was bare of snow at the 
time of freezing. All stoppages were 
places report the character of the soil in which the pipes 
were laid; of these, 40% were in clay, 48.6% in 

5.7% in sand, and 5.7% in rock. 

Table 3 [the only one reprinted} shows the latitu 
average yearly and minimum temperatures (based ca 
the United States Government Reports) of the places from 
which replies were received and also the depths at which 


the pipe was laid in these places. Obviously the tem- _ 


perature depends on other factors than latitude, and, be- 
lieving that the mean temperature of the coldest month 
would provide a more satisfactory basis of gy one 
a diagram [which we have reproduced] with this 

perature as the scale of the horizontal coordinate, and 

depth, as reported, as the vertical 
prepared. On this diagram the different places, 


which replies were received, have been plotted. There 


is much variation in the relation of depth to tempera- 


Mean temperature, @ldest month. 
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ture of coldest month, as~indicated by the practice in 
different cities and towns. Presumably this is explainable 
in most cases by peculiar local conditions; in others, per- 
haps, by an illogical adaptation of depth to the require- 
ments. 

On this diagram a line has been drawn which expresses 
the relation of depth to mean temperature of coldest 
month as indicated by an average of the replies received 
It will serve to emphasize the variation in depth in cities 
and towns with the same mean temperature of coldest 
month, which in the extreme is illustrated by Mauch 
Chunk, Pa., and Cleveland, Ohio, the former satisfactorily 
operating pipes at a depth to axis of 3 ft. 6 Ins., and the 
latter believing 6 ft. 6 ins. to be necessary. Obviously, 
local conditions other than temperature, and inciuding 
depth of snow covering, must furnish, in great part, 
the explanation. 

There is quite a marked grouping according to the 
depth used for pipe of cities and towns located geographi- 
cally close to one another. The lesser depths employed 
in those places which appear below the average line are 
not explained by the use of ground water supplies, as 
there are as many ground water supplies above the aver- 
age line as below. Those using shallow depths report 
practically no trouble, and the question remains whether 
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this immunity results from peculiar local conditions or 
whether the general practice is unduly conservative. As 
already stated, it would seem that where there is any 
velocity of current, depths somewhat less than those in- 
dicated by this average line will generally prove suifi- 
client to prevent freezing. 

While all cases of freezing reported are stated to have 
resulted in total stoppage of the pipes, there are records 
of ice formation in concentric rings in pipes as large as 
24 ins. in diameter, the occurrences not being evidenced 
by stoppage of the large main, but only by loss of 
head through increased friction, or, in somes cases, by 
stoppage of gates or smaller pipe connections by the ice 
loosening and breaking up in a thaw and forming an ice 
jam at some point of obstruction. Such formation of 
ice in a layer adjoining the metal of the pipe has oc- 
curred in instances of extreme low temperature in the 
eastern Canadian Provinces in conduits where there was 
a considerable velocity. Obviously, as the ring of ice 
forms, the velocity of the water increases and a total 
stoppage does not result. In other cases of freezing, par- 
ticularly in smaller pipes, the ice formation is not solid 
nor does it start from the outside, but is rather in the 
form of “slush” uniformly distributed throughout the 
cross-section of the pipe. This has been noted in a 
4-in. pipe, in which there was considerable velocity, laid 
at a depth of 6 ft. in a salt marsh in New Brunswick. 

There is a belief or tradition in the minds of many 
plumbers and water-works superintendents that most 
stoppages by ice formation occur in a thaw which fol- 
lows a period of severe cold weather, and the reason gen- 
erally advanced for this alleged phenomenon is that the 
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TABLE OF CITIES AND TOWNS, ARRANGED IN OR- rl cuit eak r 110 000-Volt Lines.* to the latch mechanism, providing simple 
DER OF THEIR LATITUDE, GIVING AVERAGE A Cir Br er fo ’ quick-acting mechanical release eff: directly 
YEARLY AND MINIMUM TEMPERATURE, BASED Four groups of circuit-breakers were recently by the line current. 
UPON UNITED STATES GOVERNMENT REPORTS, installed in the 110,000-volt transmission lines The tanks are of boiler steel » weldes 
AND DEPTH TO CENTER OF PIPE IN DISTRIBU- of the Southern Power Co., near Charlotte, N.C. seams. They are fitted with a thic Mey 
. 5 Vi 
TION SYSTEM. Depth to It is claimed that this installation is unique in  gpecia) insulation and, of course, are 9 
Temperature. eonter being the first in which switching apparatus is transformer oil. The terminals are he oa, 
ts) 
Lateete Av. Shatmuan eine, called _upon to break currents of this extreme denser type, to prevent corona phen na and 
approx. yearly. extreme. ft potential, although several similar plants are consequent breaking down at this _; of the 
Edmonton, Alberta...... 53.5 37.0+ ma . nstr and will shor in 
Regina, Saskatchewan... 50.5 36.0+ —50+ *7.5 now under const ama a i ly be circuit. 
Winnepeg, Man......... 50.0 360+ -—535+ 7-8 operation. The 110, volt circuit-breakers are Also 15 circuit-breakers of a type ani instruc. 
Everett, Wash... - - 48.0 52.0+ 24+, 283 designed safely to interrupt any short-circuit tion similar to the 110,000-volt appa + oe 
Hoquiam, Wash........ 47.0 61.0+ 18+ 2.5 i t f 120,000-KW S will 
Ashland, Wis........... 465 40.04 ~32+  °%6.0 current occurring on a system 0 - also be installed by the Southern Pow 0. for 
ea, Soe es yx! 42.0 = sees 2a capacity. controlling its 88,000-volt transmissio: °ircyits 
Montreal, P. Q.......... 45.5 420+ ec Sa A feature of the construction of these circuit- These breakers will be electrically ope ed anq 
Bangor, Me............. 48 436+ —2l+ 6.0 breakers is the isolation of each pole in a sepa- have their tripping coils energized f: series 
Brewer, Me. 66.0. srasees 48 436+ —21i+ 6.0 ate tank. Bach pole is thus entirely independ- or 
Rumford, Me........... 445 43.1 —17 *5.9 ‘rate tank. pole is y pe transformers, built in around the term i\s ang 
ee “rs oe 43.6 —His oe ent of the others except for the pull rod which mounted as part of the tank case. Th isposal 
yada eae 441 ox He os operates the contacts. This rod is released by a of the series transformers contribut: (o the 
Laem, Sieh See ee “6 46.0. —10 By tripping mechanism at one side, allowing the compactness and self-contained chara of the 
arm Se 8k Sa 3. ‘ ‘sane J . 
neem 4 ¥... 0 422 486 -3° 475-809 Contacts to open by gravity. A double-break is breaker group, avoiding all external devices ang 
Mason City, Ia......... 43.2 47.4 —13 = made at each pole, spring-seated butt contacts, wiring. 
Brantford, Ont.......... 43.1 50.0+ ind & . ; Pe 
St. Catherines, Oni..... 43.1 618 «=o «= SHOWn in Fig. 2, making a firm closure. The 
Dover, N. H........ : 481 4604 —104 | 45° break, introduced by dropping the contact bar, Breventable Losses by the Municipa! Boiler 
+ eee tT egies o* 46.0 er — is 47 ins. long, and occurs in the center of the Plants of N York Ci 
Grand Rapids, Mich..... 43.0 48.7 6 5.75 tank in oil free from any possible sediment or s of New fork City. 
esa J a mesee tes =* yes —20+ a moisture. As gravity assists in making a quick In February of this year Messrs. W. N. 
Waterford, N. Y........ 428 490+ -—10+ 5-5.5 break at normal operation, in case of injury to Polakov and W. A. Russell, of 95 Liberty St. 
a tH Sorceress = OR a Hi ae the apparatus the contacts will tend to auto- New York City, presented a general report to 
Fitchburg, Mass........ 426 479  —S 4 matically open. This is claimed to be an im- Mayor G. B. McClellan, as Chairman of the Board 
Lowell, Mass.......... + 42. 49.6 —38+ 5.0 portant precaution. — of Estimate and Apportionment, on the decrease 
TE a re Oe aa eee A small double-pole, double-throw switch, oper- in efficiency of coal consumption in the various 
Reading, Mass.......... 42.6 50.0+ —St 5.0 ated by the contact mechanism, provides a simple municipal departments. This report started 
pow: Ropeeateaer: tee 7 = 5.0 tell-tale, indicating the position of the breaker with a comparison of the increase of population 
Brookline, Mass......... 42.3 30.0 —i+ “re during the years 1905 
Cambridge, Mass........ 42.3 50.0+ —1+ . 4 er 
Hyde Park, Mass........ 422 50.0 —-14 45 and 1907 with the in 
een, eee re: Se a4. = = crease of coal consump- 
Sharon, Mass........... 2.1 0+ —5+ 4 icipal plants 
Springfield, Mass. . 42.1 51.6 5+ 5.5 tion in municipa ast 
Stoughton, Mass. 42.1 49.0-+ es W555 during the same time 
Westfield, Mass.. Cee 52.0+ + . T increase 
og Separeegepags: 420 485+ —-1+ °6.0 eee. creased 
Rockville, Conn........ 41.8 49.04 —2 *4.0 about 6% while the latter 
Fall River, ci: couse oe oo 4 = has risen 42%. 
New Bedford, ee 41.6 . é . . 
East Chicago, Ind....... 41.6 51.0+ 6+ 3.5 In consequence of this 
Rock Springs, Wyo..... - 5 <2 —21 By general report § Messrs 
Norwich, Conn.......... 5 51.0+ 2 5 ay 
Wallingford, Conn...... 41.5 51.0 2 4.0 Polakov and Russell were 
Cleveland, Ohio......... 41.5 29 B — appointed to investigate, 
EMORIR, DRO 6 60% ssn cces 415 50.5 2 Y ‘ta 
Muscatine, Iowa......-. 41.5  50.9+ 0+ 60 under the direction of the 
ae ee re “4 50.0 i “<= Chief Engineer of the 
Opetee. - GRID. picavcces 41.3 50. 2 J . ae 
New London, Conn..... 41.3 50.7 2 4.0 Board of Estimate and 
Bridgeport, Cusp pkGN uate =e =4 : —s Apportionment, the pre- 
Williamsport, Bicevvis . 51. J a : 
Warren, Ohio.......... 41.2 50.0 10 15.0 ventable losses in coal 
Yonkers, N. res Saharan “ 53.0 5+ mr consumption in the vari- 
Mauch Chunk, Pa...... , _ . was net- 
Shamokin, Pa.......... 40.8 49.0+ —17+ *3.0 ous plants. It ips - 
Woodhaven asad Com- ‘i a ais essary from the first to 
| i Se PR Ree hs 53.: 5 a mveati 
Peoria, Tll............ : 40.7 B11 2 *5.0 See the investi 
Burlington, lIowa....... “= ry! a sy 4 gation on the large plants 
Centerville, lIowa....... 7 49.5+ —9+ ‘ of a single department 
ge aceiepeeceste 40.7 514 otk 5.83 i nd ype 
Lewiston, Pa..........-. 40.5 51.0+ i+ 4.0 and those of the Depart 
South Pittsburg, Pa..... 40.5 52.8 —3 *3.5 ment of Water Supply, 
6 ak —3 "35-45 Gas and Electricity in 
eng as ssaeses oe 52.0-t He —". the Borough of Brooklyn 
New iladelphia, Pa... Jf 50.5+ —T+ : sean 
Reading, Pa............ 40.4 53.6 4 4475 ware “omected, as thes 
Westmoreland Co., Pa... 23 52.8 —S+ ee were the largest coal 
York, Pa t 53.0+ + A of the city 
Springfield, Ohio 40.0 515+ H+ *4.0 burning plants f he ¢ ty 
anes oS 91 4 as and because their organi- 
ayton, 39, 53. _ i , ( 
Marietta, Ohio.......... 39.5 55.2 0 3.0 zation was such as to 
Mattoon, ef es oe 94 88.54 — Bes facilitate the investiga- 
Hamilton, Ohio......... 39. 54.0+ 3+ 1e losse 
Baltimore, Md.......... 39.2 56.0 8 *3.5 tion of preventab _ 
Gallipolis, Ohio......... 38.9 57.0+ —4+ 4.5 The first report on these 
Belleville, Ill........... 88.5 55.5+ 5 *3.0 plants was presented in 
*Depth to top of pipe. September and !as just 
tDepth of trench. been made avai!>ble for 
— publication. 1 fol- 
evaporation from the surface during the early stages of lowing extra s from 
the thaw produces additional refrigeration or reduction this report are self-ex- 
of temperature at the depth of the water main suf- planatory and ed but 
ficient to cause freezing. No indication of the exist- one commen The 
ence of such conditions has appeared in the reports re- a ee 
term efficier or 
ceived of frozen pipes, and this reference is here made to pe ffici i 
induce the production of evidence, if any exists, in sup- FIG. 1. A GROUP OF 110,000-VOLT CIRCUIT BREAKERS. partial e¢ ee 
port of this theory. “practical effici ” gen- 
eiaiethinns contacts, by lighting ared or greenlamp. Thecon- eérally represents the ratio of actual r d per- 
BRICKWORK REINFORCED WITH WIRE MESH has tacts are normally closed by energizing the oper- formance to best attainable performan 
been used with a considerable degree of success in India, ating solenoid from a low-voltage local circuit, A systematic study of the general efficienc) a great 
according to a recent issue of the ‘‘Indian and Eastern but may also be hand operated by a leverhandle many industrial plants in the United States special- 
Engineer." The system consists in using an ordinary through a simple mechanical connection. Series ‘sts has disclosed, according to the highest = .ority © 
2% o* sound _ = in oe cna —— — relays, mounted on suspension insulators and in- the subject, Mr. Harrington Emerson, that it nae 
pit both ag tate gf ccnecdladaanes ahaeaeiene serted directly in the line, are provided for auto- poem: ee pe nee aie pre = Bis 
. : ater- , ati o ency of not more at pos " 
by laying two vertical rows of brickwork about 1% or = tripping the circuit-breakers in case of means that imal) these plants, $1 out of eve: ‘wo spem 
2 ins. apart, tying each horizontal mortar joint of the ©Verload. A wooden rod transmits the movement 4, y.steq to the same authority irdly 10% 
separate walls with mesh, and in addition connecting Of the relay armature on the suspension insulator 47 91) the plants are operated with an effici -y of ov* 
the two walls with an occasional strip of mesh. Thus a *From information furnished by the Westinghouse 75% that possible. Only a few plants—after »troducins 
hollow wall, perfectly tied together results. Blectric & Manufacturing Co., Pittsburg. modern methods—are reaching nearly 100%, ving prat 
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tically « minated nearly all losses which can be pre- 
vented © ler the most modern and scientific methods of 
produc: and organization. ‘ 
with view to ascertaining what results could be ac 
complis' 4 if these methods were applied to the plants 
of the ‘unicipal Government of New York City, the 
Board ©. Estimate and Apportionment engaged the writ- 
ers early this spring as Consulting Engineers. In ac- 
cordan’: with am understanding with you and the Com- 
missioncr of Water Supply, Gas and Blectricity, we have 

















Fig. 2. Terminals of a 110,000-volt Circuit Breaker. 


been studying during four months the anthracite-burning 
pumping stations of the said Department in the Borough 
of Brooklyn. 

Our report shows that the Department's efficiency is 
slightly above the average of that of ordinary plants, 
but by applying the most modern and scientific methods 
of operation and control, the efficiency can be greatly 
increased. 

The pumping stations considered as units, are installa- 
tions for the purpose of transforming the thermo-chem- 
ical energy of coal into mechanical energy at the water 
end of the pumping engines. The various stages of this 
transformation stand to one another in relation of a de- 
pendent sequence, so that the total efficiency of each one 
of the plants is a product of the partial efficiencies of 
the separate stages. Besides being a thermo-mechanical 
installation, each pumping station is an economic unit, 
and as the primary purpose of this investigation is a 
reduction of the unit cost of the final product of these 
plants (i. €., of the cost of one foot-pound delivered at 
the water end of the engines) it is necessary to intro- 
duce an additional stage—the exchange of money for the 
thermo-chemical energy of the coat. 

Thus we have to consider primarily four stages: 

(A) Purchasing of coal, including receiving, storing 
and handling (4. ¢, transformation of money into po- 
tential thermo-chemical energy). 

(B) Combustion of coal under boilers (i. ¢., transform- 
ation of the potential thermo-chemical energy into heat 
of gases in the furnace). 

(C) Utilization of the heat generated in the furnace 
for evaporating water in the boiler (4. ¢., transformation 
pa heat of the furnace gases into volume energy of 

) 

(D) Utilization of the volume energy of the steam for 
perform'ng work in the pumping engines, including con- 
ducting of steam through pipes (4. ¢., transformation of 
the vol\.me energy of the steam into mechanical work 


at the . ster end of the pumping engines). 
In ea of these four stages there can be differentiated 
er 


“iso in @ felation of dependent sequence, some- 
times a; 'n in simple correlation; tnese will be analyzed 
immedi: ly im conjunction with the corresponding 
Primary stage. ‘ 


’ 


(A)—PURCHASING OF COAL.—Summary of Findings. 
—The data given below refer only to anthracite stations. 

(1) The absence of a clause in the contract specifying 
the lowest limit of B. T. U. for anthracite and the im- 
possibility of establishing a standard for B. T. U. leads 
to an inevitable loss under the present type of contract, 
this loss being 3.18%. Remedy suggested: Introduction 
of a new type of contract providing for delivery of so 
many millions B. T. U. in shape of coal, and calling for 
bids on the price of one million B. T. U. within speci- 
fied limits of quality and size of the coal. 

Partial efficiency 2, = 96.82%. 

(2) No coal is rejected, though some of it goes below 
the specifications, because of delays in the reports of 
the laboratory analyses. Remedy suggested: Increase of 
capacity of the Mount Prospect Laboratory. 

(3) There is no sufficient check on the actual weight 
of coal delivered through absence of adequate weighing 
facilities, and it is impossible even to make a rough 
estimate or guess as to the possible loss. Remedy sug- 
gested: Installation of automatic weighing and register- 
ing machines of adequate capacity at each plant. The 
first cost of this apparatus would be probably not more 
than $12,000, $15,000 corresponding to a loss of 5%, or 
6% of one year’s coal supply. 

(4) The sampling of coal for purpose of analysis seems 
not always to be quite satisfactory. Remedy suggested: 
A careful investigation of the methods employed actually 
by the sampler of the Department, and from time to time 
an unexpected checking by reliable outside laboratories. 

(5) The size of coal (broken) used in 92.5% of the to- 
tal is too expensive. The loss incurred by the use of 
broken coal instead of No. 1 buckwheat with a standard 
heating value of 11,500 B. T. U. per lb. as delivered is 
29.91%. Remedy suggested: Change to small size an- 
thracite as soon as possible, possibly under a mutual 
agreement with the present contractor, as the supply of 
No. 1 buckwheat on the market is fully sufficient. The 
only expense to be incurred in connection with such a 
change would be for new grate bars with smaller air 
spaces. This item is quite inconsiderable in comparison 
with the saving effected. 

Partial efficiency 2; = 70.09%. 

(6) Total efficiency of first stage: Ha = 96.82 x 0.7009 
= 67.77%. 

(7) The total preventable loss in this stage amounts 
thus to $398,346 x 0.3223 = $128,400 yearly. : 

(B)—COMBUSTION OF COAL UNDER BOILERS.— 
Summary of Findings. 

(1) The absence of a systematic analytical control of 
the efficiencies of combustion by the firemen leads to 
a permanent waste through an excess of unburnt com- 
bustible in the refuse. This loss as compared with an 
easily reached minimum standard of 94.7% equals under 
usual conditions 9.4% of the total amount of coal burnt, 
or $37,600 yearly. Remedy suggested: Systematic com- 
bustion analyses and establishment of a stimulating rat- 
ing system with records made public at certain intervals, 
connected with a strengthening of disciplinary enforce- 
ment of standard requirements. The cost of a local 
analytical laboratory at the Ridgewood pumping station 
will be probably below $5,000 yearly. The standard to 
be established with the present quality of coal is sug- 
gested at 94.7%, this being a rather too liberal standard. 

(2) Total efficiency (as to standard) of second stage: 
Ev = 90.10%. 

(3) The total preventable loss in this stage taken indi- 
vidually amounts, thus, to: $398,346 x 0.0040 = $37,600 
yearly. 

(C)—UTILIZATION OF HEAT IN BOILERS.—Summary 
of findings. 


(1) The removal of the sgale from the boilers is not 
done systematically, probably causing large decreases of 
conductivity of the water heating surface. Remedy sug- 
gested: Cleaning boilers according to specially prepared 
schedules. 

2) The scale forming matter is not precipitated prior 
to feeding the water to boilers. Remedy suggested: 
Substitution of a scientifically compounded precipitating 
mixture according to individual water analyses instead 
of the secret boiler compound or other unsatisfactory 
remedies now used, 

(3) Analyses of scale disclosed the presence of more 
than 0.5% of oil. Remedy suggested: Improving opera- 
tion of present oil separators. 

(4) The damper regulators now used are only in the 
nature of emergency brakes, and to accomplish a higher 

y the dampers ought to be individually regulated 
and the draft regulation of the firemen ought to be con- 
trolled. Remedy suggested: Individual study of boilers 
or boiler groups; establishment of “standard drafts’’ 
and installation of both indicating and recording draft 
gages of some modern type for each boiler. 

The decreased efficiency incurred through absence of 
satisfactory draft standards and draft control shown in 
tests to be probably He = 86.26%. 

(D)—CONDUCTING AND UTILIZING OF THE STEAM. 
—This part of the transformation of the chemico-thermal 
energy of the coal into mechanical energy is being at 
present investigated by the writers, and the results of 
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this investigation will be available as soon as the series 
of studies now in progress is finished. 

GENERAL RECAPITULATION.—These data refer only 
to anthracite stations. 

(1) The combined practical efficiency of the first three 
stages is rather low, namely, EF = Ba x Ev x Be = 
52.69%. 

(2) It is not difficult to reach a practical combined 
efficiency of 100% thereby effecting a total saving of 
about $190,000 yearly. 

(3) To accomplish this it is suggested that the follow 
ing steps be taken: 

(a) Increase the capacity of the Mount Prospect Labor- 
atory so as to get the results of the analyses before the 
coal is dumped into the coal piles, and reject all coal 
falling below requirements; check laboratory’s sampling 
by outside laboratories. 

(b) Change as soon as possible the size of coal from 
‘‘broken’’ to small size anthracite. 

(c) Introduce, as soon as possible, a new form of 
contract, providing for payment on the basis of chemical 
analyses. 

(a) Establish a small analytical laboratory at Ridge- 
wood Pumping Station, and start systematic individual 
combustion analyses, introducing at the same time a 
system of rating firemen by efficiency of combustion. 
Enforce minimum standard of combustion by disciplinary 
measures, and raise efficiency by stimulating competitive 
spirit of men through making public in boiler rooms in- 
dividual records and plant records. 

(e) Establish schedules for systematic cleaning and 
washing of boilers. Substitute individual precipitating 
mixtures for each plant, instead of secret boiler com- 
pounds and unsatisfactory remedies. Improve operation 
of existing oil separators. 

(f) Install an indicating draft gage and a recording 
draft gage for each boiler. Establish, through series of 
tests, most favorable draft conditions, and enforce these 
standards through strict discipline. 

In addition to the above mentioned facts, the writers 
want to call attention to the utter lack of proper record 
keeping. The only system of bookkeeping used at pres 
ent is purely commercial accounting and some forms of 
rather arbitrary log book recording in the engine rooms 
No attempt is made to keep the records in any form al- 
lowing a determination of unif costs. No system of 
storeroom accounting exists which would give an insight 
into the efficiency of using materials. The coal records 
and ash records in the log books are quite arbitrary, 
and the records kept by the coal clerk have no value, 
except simple accounting; they cannot be used for tech- 
nical purposes. No records of indicator diagfams are 
kept; in one plant only have the writers met with an 
attempt to keep systematic tab on the engines by taking 
monthly diagrams, but even this attempt did not reach 
its purpose, as the diagrams are not filed or preserved. 


The following specifications for purchasing coal 
were evolved by Messrs. Polakov and Russell. 
They are given this peculiar form probably as 
the Corporation Counsel has ruled that under 
the city charter such a contract cannot contain 
any sliding scale for payment. This prevents 
the use of the familiar form of coal-purchase 


contract as developed by the U. S. Geological 
Survey. 


SPECIFICATIONS FOR FURNISHING AND DELIVER- 


ING BRITISH THERMAL UNITS IN SHAPE OF AN- 
THRACITE COAL. 


Amount of Heat Units in Shape of Coal Required. 
(1) The approximate amount of heat units, in shape 
of coal, required under this contract, the point of de- 
Seat? and the approximate rate of shipment is as fol- 
ows: 
Point of 
Delivery. 


Approximate Number of 
BT. U. Required. 


(2) The price stipulated for the coal delivered at...... 
sbeéSbbddiaade on tvece covers all the work and expense 
incidental to or connected with the unloading, hauling, 
storing and trimming of the coal in the sheds or bunkers 
at the various plants, to the satisfaction of the Engineer 


DEMURRAGE. 
(3) It is distinctly understood that the city will not 


pay any demurrage charges on boats or cars of coal 
consigned under this contract. 


CHARACTER OF COAL REQUIRED. 
(4) The sizes of anthracite coal must be as follows: 
(a) Egg size passing through 2%-in. screen and over 
2-in. screen. 
(b) Stove size passing through 2-in. screen and over 
1%-in. screen. 
(c) Chestnut size passing through 1%-in. screen and 
over %-in. screen. 
(ad) Pea size passing through %-in. screen and over \%- 
in. screen. 
(e) Buckwheat (No. 1) passing through \%-in. screen 
and over \%-in. screen. 
(tf) Buckwheat (No. 2) passing through \%-in. screea 
eae ~ meat (Ot eo pass through %-i 
t 0. 3) ng throug -in. screen. 
del 


#. over 10% of the ivered must pass through 
the smaller size of screens. 
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Minimum 
Number 
Point of Delivery. Size of Coal. of B. T. U. 
as Delivered. 


Cee e ee weet eee eeneeee 


Maximum Maximum Maximum 
Percentage Percentage Percentage 
of Volatile of of 

Matter, Dry. Ash, Dry. Moisture. 


eoreereesese j§-=§ seeeesesesess j§- sesssevesecs 








The size and kind of coal, the minimum No. B. T. U. 
per pound, the maximum percentage of volatile matter, 
the maximum percentage of ash, the maximum percent- 
age of sulphur and the maximum percentage of moisture, 
at the different points of delivery must be as above: 


CAUSES OF REJECTION. 


(5) Should any coal delivered hereunder contain more 
than the per cent. of moisture, volatile matter, ash or 
fewer than the No. of B. T. U. per pound allowed above, 
or should more than 10% of the coal pass through smaller 
screens specified for the corresponding size, the coal 
must be rejected. 

WEIGHING. 


(6) All the coal delivered must be weighed at the point 
of delivery on automatic weighing and registering ma- 
chines having the degree of accuracy of 1%, the weight 
shown by these machines to be undisputable. 


SAMPLING. 


(7) Samples of coal as delivered will be taken by a 
representative of the chemical laboratory of............. 
All the coal will be sampled at the time of its being de- 
livered to the plant. The sample taken will in no case 
be less than the total of 100 Ibs., to be selected propor- 
tionately from the lumps and fine coal, in order that it 
will in every respect totally represent the quality of coal 
in consideration. To minimize the loss in the original 
moisture contents the gross sample will be pulverized as 
rapidly as possible until none of the fragments exceed 
\%-in. diameter. The fine coal will then be mixed thor- 
oughly and divided into four equal parts. Opposite 
quarters will be thrown out and the remaining portions 
thoroughly mixed and again quartered, throwing out op- 
posite quarters as before. This process will be continued 
as rapidly as possible until the sample is reduced to 
such an amount that all of the final sample will be con- 
tained in the shipping cans or jars of not less than 
2 Ibs. capacity, these cans or jars to be sealed air tight. 


ANALYSIS. 
(8) The sample prepared as indicated above will be for- 
warded by the representative of the .......... chemical 


laboratory to this laboratory, where it will be analyzed 
and tested immediately on receipt, following the method 
adopted by the American Chemical Society and using 
a Bomb calorimeter standardized against cane sugar, as 
obtained from the National Bureau of Standards at Wash- 
ington, D. C. A copy of the results obtained by such 
analyses will be mailed to the contractor upon comple- 
tion of the test and not later than 24 hours after taking 
the sample. The report of the chemical laboratory will 
show: 

(a) The number B. T. U. per pound of coal as delivered. 

(b) Per cent. of moisture. 

(c) Per cent. of volatile matter. 

(a) Per cent. of ash. 

(e) Per cent. of sulphur. 

Should there be no question raised by the contractor 
within 24 hours after receiving the copy of the chemical 
report, as to the figures shown by the analysis, the sam- 
ple of the coal will be destroyed. In case the contractor 
does not abide by the results of this analysis, a second 
analysis from the same sample will be made, and if the 
er between the two analyses will be shown to 

be 2% or less in the determination of B. T. U. per 
pound of dry coal, the percentage of volatile matter, the 
percentage of ash and the percentage of sulphur, then 
the cost of the first analysis shall be borne by the con- 
tractor. In case of a larger discrepancy, the cost of the 
second analysis shall be borne by the city, and the re- 
sults of such second analysis shall be regarded as final, 
with the exception of the per cent. of moisture which in 
all cases is to be taken from the results of the first 
analysis, on which basis the number of B. T. U. as de- 
livered should be figured from the number of B. T. U. 


dry. 
BASIS OF PAYMENTS. 


(9) The number of heat units in each delivery shall be 
calculated by multiplying the number of B. T. U. in one 
pound of coal as delivered, as shown by the chemical 
report, by the number of pounds delivered, as determined 
by the automatic weighing and registering machines.- 
This number of heat units will constitute the basis for 
the corresponding payments. 


NOTICE OF SHIPMENT AND ARRIVAL. 

(10) The contractor must deliver to the Department the 
original bills of lading or manifests with each shipment 
of coal. No coal will be accepted unless such bills of 
lading or manifests are furnished. 

Notice of all shipments shall be mailed promptly to the 
engineer. The notices shall show the numbers of each 
weight of the coal, and the date when the same was 
shipped. These notices shall be accompanied with the 
original bill of lading or manifest. 


CARS. 

(11)_If cars are to be used they shall be of a suitable 
sixe and shape for unloading and shall meet the ap- 
proval of the engineer. 

DELIVERY. 

(12) In case of failure on the part of the contractor to 
deliver_the coal at the proper plant or switch in the 
quantities ordered and at the rate herein specified, within 
sea cababas days (Sundays and holidays excluded), after 
the date of written notice mailed to him by the engineer 
directing him that shipments of coal are desired, then and 
in that case the commissioner shall have the right to 
purchase such quantity of coal in the open et as may 
be required, and to deduct from any estimate that may 
be due the contractor the additional cost of the said coal 
delivered at the dock, railroad station, switch, or other 
point of delivery, where it may be required, over and 
above the price stipulated in the contract for coal at the 
point of delivery. 





THE LOS ANGELES AQUEDUCT for the new water- 
supply of that city is to be completed by May 1, 1912, 
or a year earlier than has heretofore been announced, 
according to a statement made by Mr. William Mulhol- 
land, Chief Engineer. Articles on the new water-supply 
system for Los Angeles, which will include an aqueduct 
226 miles in length, were published in Engineering News 
of May 31, 1906, and Jan. 24, 1907. 


The Cost of Overhead-Trolley Systems. 


By A. D. WILLIAMS, JR.* 

The following cost data was gathered in the 
construction of a short interurban line in the 
northwestern portion of Ohio, running along 
country highways. The costs were accurately 
kept and then were segregated to give the cost 
per mile. The work was done in the summer 
time, and during the period of construction there 
were very few interruptions from the weather. 
In using figures of this character it is advisable 
to take into consideration those local conditions 
which will affect the result. For instance, the 
character of the ground affects the cost of ex- 
cavation, or the local rates of wages prevailing. 
Then there are difficulties in hauling the material. 
All these and a few other conditions will affect 
the cost of construction, and for this reason the 
preliminary surveys should be made sufficient to 
prevent any costly errors. The data is arranged, 
in all cases, to show costs per. mile of a double- 
track road. 


Cost Per Mile of Overhead Materials. 


4,254 Ibs. (2 miles) No. 00 —- wire. .175 et 4 
104 trolley ears, No. 00, 15” ~ Ah. g 0 , 




















104 cap and cone hangers a 3 .30 sf 20 
500 ft. 5/16” galy. strand wire..... 012 6.00 
500 ft. 4% galv. strand wire @ .009 4.50 
ss. kh. Ree ae “a -09 -90 
eo ee, eee etre @ .38 3.04 
8 Lieb strain insulators, anchor.. ll é 
4 bridle clamps ............e.000. 19 -76 
2 Garton lightning arresters...... 3.10 6.20 
BS WOR BOWE. vivcdccicescsyiaces $ .005 .04 
eo Se Se eee @ 82 32 
2 pins, a of = ogy to track. .02 O04 
20 Ibs. O ground wire............. .06 1.20 
20 Ibs. No, © copper strand insul. 
WAU 5 ci vsk hehe aver euehevnad 18 3.60 
25 galv. iron stap les ikaw AW teh stuns 05 
2 trolley wire splicing sleeves....@ -65 1.30 
6 Ibs. solder % and \%&............ g .24 1.44 
1 Brooklyn strain insulator...... .96 96 
Total cost of overhead material. . $840.80 
Bracket-Arm Construction. 
WITH 37-FT. POLES PLACED IN CENTER. 
Material: 
Total cost overhead line material $840.80 
52 pine octagon poles, 12’’x8’” x aa @ $8. 15 455.00 
35 gals. graphite paint..... 1.15 40.25 
4 cu. yds. concrete (1-3-5). Aire 7.50 30.00 
104 bracket arms complete......... @ 3.6 374.40 
52 mach. bolts, 16 i washer@ -06 3.12 
104 lag screws, %” x 4/.......... .025 2.60 
104 lag screws, %” x $y 5 iw acs .025 2.60 
400 ft. 5/16’ galv. strand wire. .012 4.80 
10 feeder clamps ............. 18 1.80 
5 porcelain feeder insulators.... .04 -20 
5 galv. lag screws, %” x 4”...... .02 10 
12 drop forged eye- -bolts, %” x 16” .@ .09 1.08 
7 gals. black paint............... @ -15 5.25 
5 guy anchors .......... ee Sas @ 1.30 6.50 
Total materials ............+. $1,768.50 768.50 
Labor: 
52 poles, hauled and erected...... $2.65 $137.80 
52 poles, painting .........ccccesee 15.60 
Erecting 2 miles of trolley wire.@ 35.00 70.00 
Erecting bracket arms.......... 30.00 
Hauling material .............. 18.00 
Clearing foreign wires and poles 93.40 
Trimming trees ............--. 2.75 
bi ee. SE ee ree ee 55 
Total materiels per mile. . — 
Total labor per mile.............. 
Total cost per mile of bracket-arm 
construction (with 37-ft. poles). .$2,136.05 
WITH 30-FT. POLES PLACED IN CENTER. 
Cost of 87-ft. pole ——. Semees $2,136.05 
Cost of 37-ft. poles, each........ $8.75 
Cost of 30-ft. poles, MMB 6 ccevixa 5.75 
Difference on 52 poles............. -@ $3.00 156.00 
Total cost per mile of bracket-arm 
construction (with 80-ft. poles). . $1,980.05 
Cross-Span Construction. 
WITH 37 AND 30-FT. POLES. 
Material: 
Total cost guesbend line material $840.80 
52 pine octagon poles, 12’’x8’’ x 87’. $8.75 455.00 
52 pine octagon poles, 10’’x8’’ x 30’. 5.75 299.00 
8 cu. yds. concrete (1-3-5)...... é 7.50 60.00 
2,300 ft. 516" galv. Ra: oy wire...... 012 27.60 
116 eye-bolts, 5%’ x 16”............ 09 10.44 
70 gals. graphite paint wk Sudbeeted 1.15 80.50 
14 gals. — & sora pin koecie ney ae 15 10.50 
5 guy ne ee PPro - 1.30 6.50 
400 ft. 5/16-in. peas strand wire. . .012 
Total materials ............. es $1,795.14 
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a 
104 les, hauled and ted 
oa erected....... 2 oath 
104 poles, painting............+.--- . $275.00 
52 span MOOMNOE Svcs ccc covese ae 
recting 2 miles of trolley wire.@ 35 70.00 
Hauling materials ............. 18.09 
foreign wires and poles 138 49 
Trimming trees ............... 1485 
TORR SURGE «65560 Weve dee 306 $025.5 
Total materials per mile.......... $1,795.1 es 
Total labor per mile.............. 625. 

Total cost per mile of cross-span con- * 
struction (with 37 and 30-ft. poles) .$2,420.: 

WITH ALL 30-FT. POLES. 

Cost of 37 and 30-ft. pole construction. 2,420.99 
Cost of 37-ft. poles, each.......... 7 as 
Cost of 30-ft. poles, each.......... 5.7 

Difference on 52 poles.............. @ $3.0  139H4.% 

Total cost per mile of cross-span con- ih 

struction (with 30-ft. poles).... 64.99 
Transmission Line. 
Provision was made for two lines of s, but 
only one line was fully equipped. 

Material, per mile 
52 5 aah — “ x 5’ x 6’, for two 

Pn Wap ees oak aw bUbecee vere 0.39 > 
52 cross arms, 4” x 5” x 8’, " . ae 

four 2” pins RT ee eee ee @ 53 27 
312 2-in. locust pins .............. @ 02 7.20 
52 pairs gal. iron braces, @ 088 2.73 
52 pairs gal. iron braces, a” 598 Ibs. 
208 carriage bolts, %’’ x 4%’’....... @ O14 2.91 
104 gal. iron lag Ry %” x 4....@ 018 1.87 
208 gal. iron lag screws, 4” x7”’....@ O25 5.0 
156 6-in. peenrate insulators....... 3 46 71.76 

2,100 Ibs. 4 bare copper wire.... 175 = 367.50 
52 wntte-ten glass insulators....... @ .06 3.12 
52 special locust pins............. @ 08 1 
65 Ibs. No. 4 copper ground wire...@ 175 11.38 

8 No. 4 McIntire splices......... @ 15 45 
7 gals. carbolized paint.......... @ 65 4.55 
900 ag barbed wire, galv.......... @ 088 34.20 
220 ft. %” galv. strand wire ties....@ 015 3.30 
Total material for one mile.... : $596.17 
Labor, per mile: 
3 miles transmission line erected. . $1032.50 
1 mile of ground wire erected.... 21.45 
1 mile of barbed wire erected..... 21.45 
Total labor for one mile....... $146.40 
Total materials per mile.......... $586.17 
Total labor per mile............. 146.40 
Total cost 1 mile of transmission line. $732.57 
FEEDER LINE. 
Material, per mile: 

3,500 Ibs. 0000 feed wire............ @ $0.075 $612.0 
52 feeder SED. B55 waa tidedaksds cc 9% @ 20 10.52 
52 cable-tor (maUIAOFS.5 6.6. cess @ 08 3.12 

ft. 6” galv. strand wire...... @ 012 6. 
5 eye-bolts, %” x 16’........... @ 09 45 
20 Ibs. No. 4 co per tie wire....... @ 1T5 3.50 
2 Ibs. % and gy FS @ 28 56 
MOO GG a pa kce Keccecccvccs @ .22 44 
Total for material............. $637.69 
Labor, erection of feeder wire. $45 15.00 
Total material per mile........... $637.69 
Total labor per mile.............. 45.00 
Total feeder line per mile............ $682.69 


Comparison of Costs, Per Mile. 


Cross span Cross span 
or 87 and 30-ft. 30 and 30-ft. 


poles 
Trolley wire & poles. $2. 136.05 $2, 420.99 





Transmission line.... 732.57 732.57 
Feeder line.......... 682.69 682.69 
SONNE seks ee tae $8,551.31 $3,836.25 





$3,680.25 


‘ THE STORAGE OF ENERGY, for low-pressure steam 
turbines taking steam from reciprocating engines that 


run intermittently or under fluctuating load, 


was noted 


in Engineering News, Jan. 9, 1908. In this case a 


“receiver” was designed so that the exhaust 


steam was 


blown through hot water, condensing largely and heating 


the storage water to about 212° F. As the 


supply of 


steam for the turbine fell below the demand, the pressure 
in the receiver tank dropped sufficiently to allow some 
water to evaporate. The size of the receiver and the 


quantity of water held was determined by ‘ 
and extent of deficiency of exhaust. 


A new design of receiver has now been pla: 


he periods 


ed on the 


market by the American Regenerator Co., of Chicage. 
In this type the water comes down from a maiv borizon- 
tal storage tank into an annular chamber surrounding 


steam controls a valve in the pipe connecting t 


and lower chambers, so that the amount 
supplied to the outside of the spray pipe is @ 
portional to the amount of exhaust stea 
through it. 


The momentum of the steam is sufficient ‘ © 
mixture of water and steam up through a Pp : 
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To what extent is municipal work rendered less 

efficient and more costly by the preference shown 
to veterans of our Civil War? The 45 years 
that have elapsed since the close of that strug- 
gle have transformed even the youngest of those 
who saw honorable service from 1861 to 1865 
into men far past the prime of life. And yet the 
statute books of many states demand that vete- 
rans be given a preference over all other ap- 
plicants for positions in the municipal service 
and make it impossible, in some states, to dis- 
charge a veteran for any cause short of crime. 
As a consequence, many city payrolls have car- 
ried for years the names of men utterly in- 
capacitated to do a day’s work. That this is 
demoralizing to the city service goes without 
saying. 

A particularly serious phase of this problem is 
mentioned by Mr. Guy C. Emerson, M. Am. Soc. 
C. E, Superintendent of Streets of Boston, in 
his report for the department year recently 
closed. Referring to the Veterans’ Preference 
Act, Mr. Emerson says: 

it is particularly unfortunate that men furnished 


under its provisions are usually of the grade of foremen, 


thereby lessening to a great degree the efficiency of the 
subordinates wer them. . 


Needed reforms are beset with difficulties too 
obvious to need specific mention, but we believe 
that if the full weight of this drag on the mu- 
nicipal service were known a satisfactory solu- 
tion of the problem would be found. 





Another serious question regarding the cost of 
municipal work is suggested by Mr. Emerson in 
the following statement: 


and entail upon the 
partimately $170,000 for which no service is ren: 
wages of city laborers a’ 
paid by contractors for 
hay —— Tree cost of about 
ons of this Cepestenent employing a force 
common laborers, 
Steet cleaning divisions. 


According to this, city laborers in one 

city department alone are paid a half million 
& year more than the same number of 

met would be paid by contractors, and this on 


account of holiday allowances, and wages in ex- 
cess of the open-market price. On whom does 
this burden fall? Is it in part fictitious? That 


‘ is, if all the Boston work in question had been 


done by contract, would the half million named 
have remained in the pockets of the many tax- 
payers or would it have gone into the pockets of 
a few contractors? Moreover, if a half million 
less had been distributed in wages would the 
burden on public and private charity in Boston 
have been increased to any considerable extent? 
The last question suggests a whole series of 
others, related to the so-called Living Wage 
principle, but which we will not inflict on our 
readers just now. 


a 
— 


The points from Mr. Emerson’s report which 
we have cited thus far were advanced by him 
as partial grounds for his opinion 
that the city laborer is handicapped in the matter of 
efficiency by circumstances not altogether of his own 
making. 

Mr. Emerson’s main thesis, as may be sur- 
mised, is that the contract system should be ex- 
tended and the day-labor system be curtailed at 
some though not at all points. He reports ex- 
tensions of contract work made with apparent 
great advantage during the past year and sug- 
gests further curtailments of day-labor work. 
Thus: 

An analysis of the figures indicates that the street de- 
partment expends in certain ways a very large sum of 
money for a purpose that, for the need of a better word, 
may be designated as charity [italics ours—Ed.]. It is 
worthy of serious consideration whether steps should not 
be taken to prevent the extension of the day labor system 
under present conditions and to allow the money ex- 
pended under it to be economically used for the benefit 
of the general public according to contract methods. 

Misdirected charity and politics of the worst 
sort, antedating Mr. Emerson’s present super- 
intendency of the street department or else be- 
yond his control, have probably had at least as 
much to do with inefficiency and excessive cost 
of labor in the department has had the 
substitution of the day-labor for the contract 
system of doing work. This constitutes no de- 
fense for inefficiency under the day-labor sys- 
tem, but indicates the necessity of going to the 
reot of this and other municipal evils in Boston 
and hundreds of other cities and securing a 
sweeping reform in municipal government—such 
a reform as Mr. Emerson, no doubt, would wel- 
come and aid. We take pleasure in adding, in 
conclusion, that Mr. Emerson has already been 
instrumental in effecting a number of reforms 
advocated by the Boston Finance Commission 
after its recent exhaustive investigation. 


oe 
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In his paper before the Association of Ameri- 
can Portland Cement Manufacturers, reprinted 
on another page of this issue, Mr. Logan W. 
Page, of the federal Office of Public Roads, calls 
very timely attention to the deficiencies of the 
concrete pavements which have been put down 
in a number of cities in recent years. The suc- 
cesses of a certain type of this construction on 
lightly traveled streets of small cities, where 
heavy trucking is absent and where accumula- 
tions of horse droppings and dirt are allowed to 
form a cushion over the concrete surface has 
led to the adoption of such pavements in large 
cities under more severe conditions. The expe- 
rience in these larger towns has been different, 
as Mr. Page notes, and wherever the solid con- 
crete pavement has been in place under heavy 
travel for any length of time, chipping of the 
edges at expansion joints and at the surface 
block markings has generally appeared. 

The fact is that concrete is altogether too brit- 
tle a material to resist successfully the hammer of 
heavily shod hoofs and its hardness is a breeder 
of lame horses. To remedy these two defects, 
Mr. Page proposes a new scheme, which at least 
has the merit of novelty and which will bear 
investigation. That scheme is to mix cement 
and mineral oil in some proportion so that the 
resulting hardened compound has somewhat of 
the consistency of the asphalt, sand and ground 
stone mixtures now common for street paving. If 
this mixture can be made, so that a substance 
results with some approach to the strength of 
concrete and with the resilience of asphalt, a 
cheap road material is available. 








Limited tests recently made in the Office of Pub- 
lic Roads seem to show that the strength of such 
a mixture is amply sufficient for the needs of a 
Pavement, but so far nothing definite has been 
determined regarding the wearing qualities of the 
compound. Oil as an admixture to cement has 
an unpleasant sound, and it will take consider- 
able experimenting to prove to the average en- 
gineer that in time, and probably in a very short 
time, disintegration will not set in. With the 
exception of the tests by Prof. Carpenter, of 
Cornell University (Eng. News, July 4, 1907, p. 
16) where a 2% inclusion of either linseed or of 
engine oil was made in each briquette with no 
very damaging results, we know of no tests 
which throw much light on this question. Sev- 
eral sets of tests on the effect of oll baths on 
more or less hardened concrete have been re- 
ported, and although their lessons are somewhat 
aside from the case in point, the most important 
of the lot, the report by Mr. J. C. Hains in En- 
gineering News, March 16, 1905, p. 279, comes 
to one conclusion that is pertinent, namely, that 
“concrete is more liable to be disintegrated when 
saturated with olls and fats if not thoroughly 
set.” 

All these tests are extremely limited and not 
at all conclusive, so it is to be hoped that the 
Office of Public Roads will be able to pursue its 
investigations until some definite conclusion is 
reached. 


Gu 
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In another part of this issue we have reprinted 
portions of a report by two “betterment engi- 
neers” on the preventable losses in a group of 
municipal power plants. It is stated, in brief, 
that the coal actually consumed does only some 
50% of the work it is practicable to secure. 

A loose contract permits the receipt of fuel 
having 3% less combustible than bargained for. 
Inadequate check on weights and quality causes 
a small increase in the financial loss. The use 
of lump anthracite instead of fine sizes raises 
the price of fuel 30% over what it should be. 
All these losses are on the outside of the power 
plant. On the inside, careless and indifferent 
firemen waste 9% of the coal they would burn 
under good discipline and with proper induce- 
ment. Then 10% of the energy liberated from 
the coal is lost because of excessive boiler scale 
and poor regulation of drafts. All these values 
of losses were in plants where the efficiency and 
character of organization was above the average. 

While it is often contended there is greater 
liability to generally careless operation in mu- 
nicipal plants, contention as to degree scarcely 
enters here. Poor efficiency, from the causes 
shown in this report, exists broadly among in- 
dustrial plants. It is hard to correct it, ma- 
terially, in small plants and in the larger ones. 
the improvement is possible only by careful 
comprehensive study and eternal vigilance. 
Methods must be overhauled. Each whole or- 
ganization must be tuned up, so to speak, to 
work in complete harmony, and men must be 
kept on their mettle. 





> 


The employment of experts, or men possessed 
of training and experience that gives them spe- 
cial fitness for their work as heads of important 
municipal departments is not as yet very com- 
mon in this country. It is, therefore a pleasure 
to note that representatives of a number of com- 
mercial organizations in Philadelphia have united 
in urging upon Mayor Reyburn of that city 


that the selection of a director of wharves, docks and 
ferries should only be from those whose previous as- 
sociation with the commercial and maritime business of 
the guarantees an equipment for the difficult task, 
involving, as it should, a broad consideration of many 
questions affecting — — aos [igenen n+ cog 

. . « fand that] while advocating no p 
for EQ Be to pooen A fulfill the duties of 
the office should be the paramount consideration in the 
appointment of a director for the department. 

Such a request is a most hopeful sign of bet- 
ter times in municipal government—all the more 
so because it was made in Philadelphia. 


The announcement in this issue of the death of 
Dr. Charles B. Dudley will come as a shock to 
the engineering world, both in America and in 
Europe, There is hardly a man in the profes- 
sion so widely known, in so many different 
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branches of engineering, and who has been at 
the same time so universally respected and loved. 
The engineering profession owes a large debt 
to Dr. Dudley. He has been in the foremost 
ranks of those who have been advancing the ap- 
plication of science to industry for more than 30 
years past. But in the minds of those who have 
known him, his professional abilities and achieve- 
ments are far outweighed by the fine and lovable 
qualities of personal character which brought to 
him that most valuable of all assets in this 
world—a host of warm personal friends. 





The Use—and Abuse—of “Cost Data.” 


There has been a great interest aroused 
throughout the engineering profession in recent 
years over the collection and publication of so- 
called “cost data.”” The term is a convenient one, 
signifying the records of the cost of carrying out 
various classes of engineering work, such records 
being preferably given in prices per unit of com- 
pleted work. In all well-conducted manufactur- 
ing establishments it is now considered indis- 
pensable to keep regular records of the cost of 
the labor and materials entering into any prod- 
uct. Such cost keeping in factories, properly car- 
ried on and properly used, has been the means of 
effecting enormous savings. It has furnished a 
guide through which the produziive efficiency of 
many shops and factories has been revolution- 
ized. We would say no word here to lessen the 
general appreciation of such cost accounting. 

Now, just as the old-time factory knew little or 
nothing of cost keeping, so the old-time civil 
engineer knew little or nothing of cost data, at 
least in the shape of systematic records, and cer- 
tainly nothing in the way of published records 
available for reference. In fact, the civil engi- 
neer of 50 years ago had little need for such 
data. He was comparatively little concerned 
with questions of cost. It was conceived to be 
his business to make his work strong and sub- 
stantial. It was for the executive heads over 
him and the contractors who worked under him 
to deal with questions of the cost of work. 

We find remnants of this old idea persisting 
even to-day. There are still to be found some 
among the older members of the profession who 
contend that the engineer should not concern him- 
self with costs and economies except, of course, 
to the extent that they affect the larger problems 
that he has to solve. This does not apply, how- 
ever, by any means to the rank and file of the 
profession. It is well understood to-day that an 
engineer is expected to know the commercial side 
of his profession; to know how to construct not 
only safely but economically. He should be able 
to estimate in advance what the cost of given 
work will be, and his professional reputation will 
be very largely gaged by the accuracy with which 
he makes such estimates. 

Now, all these matters of the cost of work 
cannot be evolved from a man’s inner conscious- 
ness, They are problems which no mathematical 
formula can solve. They are matters of experi- 
ence; and as no man’s experience is broad enough 
to cover more than a limited range, we find engi- 
neers in all branches of the profession placing 
high value on published records of cost. 

This demand of the profession is reflected in 
its. literature. We believe that Trautwine’s 
“Pocketbook” was the first standard engineering 
treatise to give special emphasis to records of 
cost and prices. Within the past ten years, how- 
ever, cost records in engineering literature have 
multiplied apace. A description of an engineer- 
ing work is not considered complete today unless 
it gives something, at least, relating to the cost 
of the work with which it deals. Engineering 
News has taken a foremost part in the collection 
and dissemination of cost data, and we are con- 
tinually urging contributors to make their arti- 
cles more complete with reference to the financial 
side of the work. 

The things we have set forth above are, we as- 
sume, pretty well known to the engineering pro- 
fession. It would not probably have been worth 
taking space to set them down here, except that 
what we have to say below should not be mis- 
understood. We have referred in our heading to 


the use and @buse of cost data. It is because the 
existing information on costs is susceptible of 
misuse that some words of warning appear to be 
needed at the present time. If all the published 
data on engineering costs were full and complete 
and reliable, an engineer could make use of them 
with perfect confidence in his results; but we 
have the best of reasons for declaring that this is 
far from being the case. A small proportion of 
published costs records are complete, in that they 
give all the essential facts regarding the condi- 
tions under which the work was carried on. They 
are presented in such a way that the careful 
reader will not misinterpret them, and they are 
full enough to enable the figures to be used with 
confidence. 

A much larger proportion of published cost 
data, however, are lacking in some or all of these 
particulars. The information is by no means 
without value, but it needs to be used with great 
caution. The engineer must use it, as he 
uses many other tools, because he has nothing 
better to work with; but if he is a wise engi- 
neer he will be very careful lest he do himself 
an injury in handling what may prove a two- 
edged sword. 

If nobody made use of cost data but competent 
engineers, possessed of that good judgment which 
is the most valuable characteristic of the com- 
petent engineer, there would be no need of 
sounding a caution concerning the abuse of cost 
data. These records of cost, however, are spread 
abroad in published journals and are open to 
anyone to use. Every engineer of standing and 
experience is well aware of the existence of so- 
called “pocketbook engineers’’—men who add to a 
possible smattering of college training the in- 
formation they have collected from published 
pocketbooks, and who, on the strength of such 
an equipment, but sadly lacking experience and 
good judgment, set out to do engineering work on 
their own hook. The misuse of cost data by such 
men often results most seriously for themselves 
and their clients. 

We do not mean by this to undervalue in any 
respect the importance of published information, 
whether in pocketbooks, in more ample engineer- 
ing treatises or elsewhere. What we do wish to 
emphasize is the fact that some breadth of in- 
formation and sound judgment are absolute pre- 
requisites to successful work_as an independent 
engineer; and if a man lacks these he is likely to 
bring serious discredit on himself and on the pro- 
fession in attempting to carry out engineering 
work. 

There have been some conspicuous examples 
within recent months of the abuse of cost data. 
A year or so ago a number of amateur engineers 
were rushing into print in the newspapers to 
criticize the work on the Panama Canal. The 
public was deluged with authoritative references 
quoted by these gentlemen to show how extrava- 
gantly the work was being carried on, and how 
much more cheaply it could be done if only the 
schemes of this, or that, or the other party were 
adopted. : 

The trouble with such amateur engineers is 
that they fail to understand the limitations in 
the use of practically all published cost data. 
They lack the practical knowledge that enables 
them to appreciate the great differences which 
often may exist between two different pieces of 
work and the great influence which differences in 
conditions that seem to them comparatively in- 
significant may have upon the cost of different 
pieces of work. 


Cost records are extremely useful to the de- 
signing engineer; to the estimating engineer; to 
the contractor in making plans and estimates and 
following the work that he has in hand; to the 
superintendent engineer in following through a 
piece of construction. But when such records 
are made the basis of published criticisms of en- 
gineers or contractors, it is time to call a halt. 
We do not say that such criticisms may not be 
justified. We do say that the basis on which 
such criticisms are made is wholly insufficient to 
warrant any one in forming a judgment. 

We do not undervalue either the possibilities 
which comparative cost figures may offer In the 
way of critical analysis. It is possible, for ex- 
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tating 

ample, that some day we shall hay MUNicipay 
accounting on so uniform a basis th:: ;: Will be 
possible to usefully compare the co: of ies 
cleaning in one city with that in ano: er, o. »,. 
cost of pumping water in one city wo) tha: ;, 
another, and so on and all through ea af 
municipal housekeeping. 2) 
At the present time, however, the div rences j, 
methods of bookkeeping and account and the 
differences in conditions, are such thai ithout a 
most painstaking and thorough comp: ison ap, 
analysis of all these differences, no or jg jys;), 
fied in making use of comparative | st data, 
without other supporting information to hojg 


any engineer or contractor up to public critic; 

A similar caution ought to be obsery« in typ 
use of such cost data as is obtained in » anutae- 
turing plants or in other industrial « 


Sm 


erations 
Because the books of a certain railwa: fae . 
very low cost per ton-mile of freight movea, as 
compared with another rival road, it docs not a 
all follow that the road showing the low cost jg 
well managed and the other one poorly anaged: 


so, too, with other figures, such as the cost of 
locomotive repairs, of fuel, of water supply, ete 
In industrial plants, too, the inquisitive director 
who tries to compare the cost sheets of his own 
factory with the cost of another may perform 
very useful work, and, on the other hand, if he 
lacks good judgment and discretion he may 4 
serious injustice to a competent manager. 





LETTERS TO THE EDITOR. 


Bore Holes from the Surface to Furnish Fresh Air 
and Supplies to Miners Shut Off from the 
Shaft by a Mine Disaster. 

Sir: In connection with the recent disaster at the 
Cherry mine in Illinois, it has frequently occurred to the 
writer that some one is very lax in providing safeguards 
to protect the lives of the miners. 

It has been the record of every disaster of this char- 
acter, that a large number of miners have been en- 
tombed; and while they were not killed outright from 
the force of the explosion or fire, they died of starvation 
or from the deadly black damp. Had these survivors 
been furnished with a pure air supply, food and water 
there is no question but what hundreds of lives might 
have been saved in the last few years. 

In the Harwick mine explosion in Pennsylvania, a large 
number of miners literally starved to death and the same 
thing happened at Monongah, W. Va., where between 30 
and 450 miners lost their lives. Now comes the Cherry 
mine disaster. There have also been dozens of in- 
stances where anywhere from one to twelve men have 
been killed. Considering the inexpensive method which 
might be employed to safeguard the various mines, !t 
would seem that our lawmakers would pass such mea- 
sures as would compel the mine operators to adopt them 

I noted an article in one of the mining papers recently 
where the editor suggests installing telephones in mines 
so that the entombed miners might get into communica- 
tion with the outside world and be able to give informa- 
tion as to their exact condition, the condition of the 
mine, ete. This would be some safeguard and gulde for 
the rescuers, providing the telephones were installed in 
such shape as to prevent the explosion from destroying 
the wires, but the ideal plan would be to sink bore 
holes from the surface at stated intervals, running along 
the main entries and tapping the main stations in the 
mine. 

These bore-holes should be cased with iron pipe from 
top to bottom and of sufficient size so that in case o! 
accident they could be used for supplying various sec 
tions of the mine with pure air supply, food, water 
and communication with the entombed miners 

Tt would hardly be possible for an explosion to destroy 
a bore-hole, as these explosions do not usually occur 
in the main entries of the mines. They are usually 2 
some part of the mine that has been abandoned and 
with no outlet for the gas which accumulates. This 8 
largely responsible for the explosions that take place. 
If bore-holes were sunk into the old workings ‘bey 
would provide an outlet for the dangerous gases snd 
black damp. 

Had this provision been installed in the Cherry mise 
as well as the others and fresh air furnished to ‘e 
miners, a large number of lives could have been save! 
and I think that the mining journals and the public # 
large should make a strenuous effort to have sv 
measures passed as would safeguard the men who work 
underground. 

These @isaéters fall on a class of people who #* 
dependent on their daily labor for the !'velibood # 
their families and the loss of the bread-wianer wi 
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these cireumstances produces conditions so deplorable 
that they can hardly be imagined by people who are in 
goo’ financial circumstances. 

The prestige of your paper carries great weight and 
suggestion coming through the columns of your 
paper would receive the sanction of a great many people 
of fluence. You will readily appreciate the advantages 
of 2 plan of this character and I trust that you will act 
ee is not original with me, as I have seen this 
pian used in ventilating mines. Where they could not 
get a pure air supply to the face of the entries which 
they are Griving, by ordinary means from a fan, they 
grilled holes ahead of the entry and when these holes 
were tapped they caused a great current of air to flow 
through the entries which carried out the smoke, gas, 
etc, back and up through the hoisting shafts. 

It was by observing these that the idea occurred to me 
that bore-holes of this character would be the ideal 
method of preserving the lives of entombed miners. 

Yours very truly, 
W. T. Kershner. 

Washington Court House, Ohio, Dec. 2, 1909. 

[Under some conditions, as for example, a 
shallow cover over a coal seam, so that the 
necessary bore holes would be short, our cor- 
respondent’s plan might have merit. It would 
be difficult, however, to frame laws so as to 
require such bore holes where conditions were 
favorable and permit their omission where the 
conditions forbid them. Besides, in many mine 
disasters, the explosion itself or the gas which 
follows in its wake quickly destroys all life in 
the mine. 

Certainly such disasters as that at the Cherry 
mine deserve the most careful attention from 
mining engineers, so that they may plan intel- 
ligently for the installation of safeguards.—Ed.] 
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Heavy Rainfall and Floods in the Dominican Re- 
public, Haiti, W. I. 
Sir: With reference to the recent flood here, a few 


tacts may be of interest. The heavy rains began on 
Nov. 2 and continued until Nov. 14, 1909. The actual 
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The entire rainfall during the year up to this time was 
21 ins.; that of 1968, 33 ins. 

Two other stations ten and twenty miles, respectively, 
up the valley of the Yaqui, and both washed out, show 
a rainfall of 20 and 14 ins. from January to October, in- 
clusive. 

The maximum intensity measured during the storm 


‘was on Nov. 5, when the gage registered 1.9 ins. in one 


hour. There was a high wind, probably to some extent 
vitiating the accuracy of the observation. Other ob- 
servations on intensity taken at Monte Cristi, are as fol- 
lows: 





Duration, Quantity, Intensity, 

Date. h. - m. ins. ins. per hr. 
Aug. 14, 1908..... ‘ 27 3 1.7 
Aug. | Reeacesss @. Se .89 3.0 
Aug. 26, 1908.. . & 5S 2.1 
June 6, 1909.. - 2 © 2.10 11 
Sept. 27, 1909...... 0 @D@ J 2.1 
Nov. 11, 1909......15 2 3.30 0.22 


The above observations were carefully taken but do 
not necessarily represent maximum values, no automatic 
register being used. 

The Yaqui River is 130 miles long and has a drainage 
area of 2,700 sq. mi., both estimates being somewhat ap- 
proximate. The rainfall in the upper portion was un- 
doubtedly greater than the lower or Monte Cristi section. 

The Yaqui River is a steep, torrential stream until it 
reaches an alluvial plain in lower reaches. Through 
this plain it winds for 75 miles, varying in width from 
1 to 10 miles. This plain is from 3 to 25 ft. above the 
normal river level and is a network of cafios or old 
river beds. 

Fearing floods the natives built their towns as far from 
the river as possible without leaving the plain, though 
only the lowlands close to the river are sufficiently moist 
for cultivation by the crude methods employed. The 
unprecedented rainfall of more than 20 ins. in a week in- 
undated the whole plain to a depth of 5 to 15 ft., utterly 
destroying all the towns, farm houses, fences and crops 
and drowning nearly all the domestic animals, 

People climbed to the tops of houses, trees and hills 
and were rescued by boats or waited for the flood to sub- 
side. Apparently not a large number have been drowned, 
but the worst is yet to come. The poor people live from 
hand to mouth and seldom have as much as $1 in 
money for a whole household. With crops and animals 
destroyed starvation stares them in the face. 

Before the flood the country was full of malaria, with 
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(Dotted lines show trail taken to reach devastated district.) 


records at Monte Cristi and Puerto Plata (see map), two 
nearest stations not washed out, are as follows: 
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very little medicine available. With miles of newly- 
formed swamps filled with decaying animals and mos- 
quitoes and some 15,000 people without bread or shelter 
or money serious epidemics are sure to rage. The 
towns destroyed are Guayacanes, Jaibon, Guayubin, Santa 
Ana, Juan Gomez and Las Aguas. The area flooded is 
probably not less than 300 sq. mi. 

The minimum river discharge during 1908 and up to 
Nov. 1, 1909, was 1,100 cu. ft. per sec., the maximum 
17,000 c. f. s. on Oct. 26, 1909. Even an approximate 
estimate of the present flood discharge cannot be made, 
though it must have been several times the above 
maximum. J. L. Mann, 

Director of Irrigation, Dominican Republic, 
Monte Cristi, Nov. 22, 1909, 





Facilities for Making Searches at the New York 
Engineering Libraries. 

Sir: Referring to your editorial of the 9th inst. con- 
cerning the Engineering Societies’ reference library, the 
writer would like to do a little ‘“‘wogering” too. He 
wonders whether all users of the library of the American 
Society of Civil Engineers appreciate that for a small 
sum to cover the time in making it, a library search can 
be had on any subject, thereby saving a great deal of 
valuable time. 

This may also be a feature of the Engineering So- 
cieties’ library. If so, and if the same promptness and 
courtesy exists as in that of the American Society, the 
institution must indeed be a real boon to busy people. 

Yours truly, 
Mason R. Strong. 

7 Wall St., New York, Dec. 10, 1909. 

[Our correspondent does a useful service in 
calling attention to the great value of the Ameri- 
can Society of Civil Engineers’ library to the en- 
gineer located in a remote section where library 
facilities are lacking and even to the engineer 
who has a library at his disposal but who needs 
a broader source of information. These searches, 
undertaken for the mere cost of the time spent 
by the library attendants, are available, like the 
ordinary use of the library, to engineers gener- 
ally, whether members of the society or not. 

We are informed that the staff of the Engi- 
neering Societies’ library in the 39th St. building 
also makes searches for engineers outside of New 
York City for a small fee.—Ed.] 

watitielldadainae 


Feed-Water Distributor for Locomotive Boilers. 


Sir: The article on the Seddon boiler-feed device in 
your issue of Dec. 2 has been carefully noted and I am 
very much pleased with the manner in which the matter 
was presented in your paper. e 

Since writing you in relation to the performance of 
this device, we have secured additional data in the mat- 
ter, and I have made several discoveri@s in connection 
therewith. These have placed the device in a more at- 
tractive light to railways troubled with bad water than 
the results we had obtained as a preventive for leakage 
at the tube plates, and had I known that this matter 
was to be published at this time, I would have furnished 
you with the additional information, thereby making 
your article more complete and more interesting. 

I would state that we have equipped several engines 
on neighboring roads which are troubled with bad water, 
causing the boilers to foam. Engines equipped with the 
feed distributing device working alongside of engines 
equipped with the old method, clearly demonstrated be- 
yond a doubt that boilers having feed-water delivered 
by water sprayed upward in the manner you described, 
absolutely stopped all trouble due to foaming. This mat- 
ter was gone into thoroughly, and with the result that 
the road in question decided to standardize the device, 
putting it on all of their engines. 

After getting information covering this new feature, 
I investigated the matter further personally, as to why 
these results were obtained. The only theory I can de- 
duct from my investigation, is that on account of the 
water being sprayéd in an upward course, held in sus- 
pension, surrounded by steam of a high temperature, 
the water is broken into small particles, and the heat 
is so intense that all solids or foreign matters are im- 
mediately precipitated and separated before they mingle 
together. 

I examined several engines on which the device had 
been in service for a year or more, and I found heavy 
deposits of mineral or organic matter on top of the dry 
pipe, on which part of the spray of the feed-water had 
fallen, proving conclusively that the above action must 
take place. 

We are now equipping our engines with a pan placed 
underneath the spray pipe; this is large enough to catch 
the spray water and allow of the depositing of any for- 
eign matter, thus preventing it falling and mingling 
with the tubes. 

I think the above facts will be interesting, and you 
may wish to publish them as valuable information for 
the readers of your publication. 

Yours very truly, 
Cc. W. Seddon. 

Supt. of Motive Power and Cars, Duluth, Missabe & 
Northern Ry. 

Proctor, Minn., Dec. 14, 1909. 


Notes and Queries. 

If the inquirer for a definition of mechanical filtration 
will send his post-office address an answer to his letter 
will be sent to him. 

A reply to an inquiry as to the relative strengths of 
two apparently similar boilers has been returned because 
of a wrong address furnished us. 
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The Possibilities of Portland Cement as a 
Road Material.* 


By LOGAN W. PAGE.+ 


Lime-cement concrete is the oldest road material of 
which we have a®# record. The Roman roads, which 
were of this type of construction, are the only ones 
which have endured for any great length of time. The 
Appian Way, which is undoubtedly the best type of 
Roman road, was begun by Appius Claudius 312 years 
B. C. and parts of it are in a remarkably good state of 
preservation to-day. We know perfectly well that any 
of our modern Portland cements are far superior in 
strength and durability to the lime mortar used by the 
Romans, and yet I have never seen a road built of 
Portland cement concrete that I considered altogether a 
success. There are two characteristics of Portland ce- 
ment concrete which, in my opinion, bring about the 
failure of roads constructed of it. They are, first, the 
tendency of concrete, where exposed as in a road sur- 
face, to develop shrinkage cracks. These cracks are 
generally parallel to the road and increase in size as 
time goes on. The second characteristic which brings 
about failure is the ease with which concrete spalls 
along the margins of cracks. I have never seen a con- 
crete road fail through what I thought was expansion, 
but it is the general practice to place expansion joints at 
right angles to the line of concrete roads at frequent 
intervals, and the road suffers. much from spalling at 
these joints. 

It is perfectly apparent to any one who has made a 
study of the subject, that there could be no better form 
of road construction, at so low a cost, to meet only auto- 
mobile traffic conditions than a cement macadam road. 
The most durable types of rock could be used as an 
aggregate, which would give maximum life to the road, 
and it would be practically dustiess. So apparent is this, 
that in the endeavor to use Portland cement in road 
construction much ingenuity and refinement has been 
resorted to, but with the exception of a few isolated 
cases, real success has not been attained. 

It might be appropriately asked, Why have the Roman 
roads stood varying traffic conditions for so many 
centuries? I believe that a consideration of this point 
might be helpful in meeting our present conditions. 

In the construction of Roman roads of the best type, 
a trench about 8 ft. deep was excavated the entire width 
of the road, and wherever poor material was present it 
was removed and replaced by suitable material, and 
the whole subgrade was thoroughly compacted by ram- 
ming. Generally four distinct layers were placed in these 
roads. The bottom course, or statumen, was composed 
of two courses of stones placed in lime mortar. On top 
of this was placed the rudus, or rubble, which consisted 
either of broken stone, or when available, broken bricks, 
potsherds, etc. When the latter composed the aggre- 
gate, more lime was used in the proportion of 2 to 5. 
This course was very thoroughly rammed, and was 
usually about 9 ins. thick. The third course, or nucleus, 
was composed of old building material such as brickbats, 
broken tiles, etc., mixed with lime in proportion of 1 to 3. 
This course was not rammed and the lime was mixed hot. 
Above this course came the top or wearing surface called 
the summam crustam, which was made of blocks of flat 
stone set in mortar and fitted together with reat re- 
finement. It can be seen that the third layer, o1 nucleus, 
was much softer than any of the others, and was placed 
purposely below the top layer which was designed to 
take the wear of traffic. 

This type of road was undoubtedly the result of much 
experience. There are four distinct features which I con- 
sider worthy of the fullest consideration. First, an 
absolutely secure foundation was always obtained; 
second, a resilient or cushion layer war placed just be- 
neath the wearing surface; third, the four layers com- 
posing the road had different coefficients of expansion 
which would probably preclude the development of definite 
lines of stress brought about by contraction; fourth, the 
exposed or wearing surface was composed of a material 
which would not only withstand the wear of traffic, but 
atmospheric conditions as well. 

We frequently hear the statement that the Roman 
method of road building is a lost art, and that we can- 
not build roads to-day of a similar character. This is 
altogether a mistake. We could not only build similar 
roads, but roads which under the same conditions would 
be more durable. A road of the Roman type under 
modern city traffic conditions would last only a few 
years, and would probably cost $250,000 a mile to build. 
The traffic they were subjected to consisted of light 
vehicles and unshod horses, and the fact that unshod 
horses were used leads one to believe that an earth 
cushion was probably maintained on the surface of these 
roads as otherwise a horse would go lame after 50 or 60 
miles of travel. The portions of Roman roads that we 
find intact to-day are those which have either been sub- 
jected to very light traffic or have been completely cov- 

*Paper read before the Association of American Port- 
— Cement Manufacturers, New York City, Dec. 15, 
{Director of the Office of Public Roads, U. S. Depart- 
ment of Agriculture, Washington, D. C. 





ered up with earth for long periods of time. In most 
cases we find only portions of the foundations, 

The nearest approach we have to the Roman road to- 
day is the best type of paving brick, laid on a concrete 
foundation with a 2-in. sand cushion, and this type of 
road suits automobile traffic admirably, but is very hard 
on the feet of horses. As far as I have observed the 
concrete foundations both for brick pavements and as- 
phalt streets rarely crack except from faulty foundations. 
The contraction cracks, therefore, I believe are due to 
no fault in the cement, but to the great range of tem- 
perature to which the road surface is subjected, and the 
fact that it is generally laid during the warmest sea- 
son of the year, when expansion is greatest. This view 
is further upheld when one considers that concrete floors 
and pavements laid on earth foundations inside of build- 
ings rarely crack. 

Whether this view of the matter is correct or not, we 
know that concrete roads at present are not satisfactory, 
and our next consideration is whether they can be made 
so. Concrete has been almost universally adopted as a 
foundation for almost all types of heavy traffic pave- 
ments. It gives perfect satisfaction when protected from 
direct exposure, and whether methods of construction, or 
treatment, can be devised by which concrete can be 
used as a wearing surface for roads is a matter for in- 
vestigation. 

It is my belief that in most concrete roads the con- 
crete is too uniformly mixed and too homogeneous in 
composition. This may account, in a measure, for the 
development of shrinkage cracks, where the surface is 
exposed to a great range of temperature. Concrete is 
also too unyielding to the blows of traffic and too brittle, 
both of which characteristics facilitate spalling. It 


seems to me that a pavement can be made which, to_ 


some extent, will obviate these undesirable character- 
istics, and I would suggest the following general speci- 
fications: 

About 6 ins. of number one broken stone mixed with 
the screenings below %-in., thoroughly rolled with a 
steam roller as a foundation course. On top of this, 
spread a uniform layer about 1 in. in thickness of rather 
dry cement sand mortar. Over this course of mortar 
at once spread about 3 ins. of No. 2 stone, which should 
immediately be rolled with a steam roller until the ce- 
ment sand mortar rises flush with the surface. Such 
a road as this, I believe, would have many advantages. 
It could be opened to traffic within a short time after 
completion; it would not be as rigid as an ordinarily 
mixed concrete road. I do not believe it would be as 
likely to crack as ordinary concrete, as the stones form- 
ing the aggregate would rest firmly upon each other, 
receiving the blows of traffic, and the cement mortar 
only acting as a binding matrix. Further than this, 
there would be a minimum amount of cement used, and 
no two horizontal sections of such a road would have 
the same coefficient of expansion. Rock of the very 
highest resistance to wear could be used without any 
consideration of its natural binding power, which is so 
important in the ordinary macadam road. Another most 
important feature of this type of construction would be 
the absence of dust on the surface, which is so much 
sought after by highway engineers at the present time. 
It would also give an excellent surface, not too slip- 
pery nor too noisy. Most important of all, however, such 
a road would not cost more than 10 or 15 cts. per sq. yd. 
more than ordinary macadam, which extra amount is 
about the annual cost of spreading bituminous dust pre- 
ventives. 

I have mentioned this type of construction as a possible 
cheap method of using concrete in road building. An- 
other way of approaching the problem is to treat Port- 
land cement so that its brittleness will be reduced and its 
resilience increased. This I believe, would be of great 
advantage, even if in so doing the tensile strength was 
greatly lessened. It can be seen that a material like 
asphalt, which meets so successfully the wear of traffic, 
is of a semi-plastic nature, with very low tensile 
strength and no elastic limit. Alone, a slight blow will 
permanently deform it. Its adhesiveness to mineral mat- 
ter, however, permits its being tempered by a mineral 
aggregate to the desired consistency. It is also known 
that the addition of Portland cement to asphalt surface 
mixtures is very desirable. With these points in view, 
the Office of Public Roads has begun an investigation 
to ascertain the practicability of mixing semi-asphaltic 
base oils with Portland cement concrete, with the ob- 
ject of obtaining the desirable properties of both the 
cement and asphalt. Up to the present time, our re- 
sults have been somewhat encouraging. We have suc- 
ceeded in making mixtures of as high as 20% of oil, and 
both the 7 and 28-day tests for toughness and tensile 
strength showed a regular increase. Briquettes with 
5% additions of oil broke in tension at 230 Ibs. after 7 
days in soak, and 296 Ibs. after 28 days; with 10% oil, 228 
Ibs.; with 15%, 246 Ibs.; and with 20%, 203 Ibs., all after 
28 days. The results obtained under impact were prac- 
tically parallel with those under tension. Increased pro- 
portions of oil retarded both the initial and final set in 
increasing amounts; the tensile strength and toughness 
were also reduced, but not in like proportions. It has 
been shown that concrete immersed or mixed with animal 


and vegetable oils disintegrates and, of course, may 
be the case with petroleum. It is my intention on- 
tinue this investigation until the several points ie, 
consideration have definitely been settled. | ght 
mention further that parallel tests were made w tar 


and cement, but the results were practically all n: ve 
If it is found that cement can be mixed with a: tic 
base oils, and increased toughness obtained, | ve 


that the value of cement as a road building n “ial 
will be very much increased. The matter of mixi he 
oil is very simple, and can be conducted in an or! ary 
concrete mixer. All that is necessary is that the nt 
be thoroughly wet before the oil is added. On acco. of 
the lime present the oil quickly emulsifies and is ly 
distributed. Mr. Moyer has suggested that the ij- 
tion of hydrated lime would permit of larger propo: ons 
of oil, which I believe will prove to be the ca I 
further believe that concrete mixed in this way | 
be impervious to water. 

While a laboratory investigation of this nature is » ry 
interesting and instructive, yet no final results ca 
obtained until an actual service test is made, and 
my earnest hope that in the near future I may b: 
to make satisfactory arrangements for one or ton 
cooperative service tests, as the appropriation for :} 
Office of Public Roads cannot be used for the pur 
of material and labor for road building. 





A Peculiar Penstock Accident at the Lac Du 
Bonnet Plant of the Winnipeg Electric Ry. 


In our issue of Dec. 2 we made brief note of an 
accident, on Nov. 23, at the Lac Du Bonnet 
hydro-electric plant of the Winnipeg Electric ky. 
A correspondent has sent us an account of the ac- 
cident, of the temporary service furnished to the 
city which depended largely on this one plant 
and of the means taken to expedite repairs and 
to resume full service. 

The plant has a rated capacity of 30,000 HP. 
in nine units, each unit consisting of a single 
generator coupled to four McCormick wheels. 
The penstocks are only some 35 ft. long and the 
head on the turbines is only a fraction of this. 

On the evening of Nov. 23, as has been re- 
lated, the penstock of the No. 7 unit burst just 
as the load was reaching its daily peak, for 
lighting and rush-hour car service, caused con- 
siderable damage to the station and necessitated 
a complete shut down of the system on which 
Winnipeg depended for its light and power. At 
4.38 p. m. everything was running smoothly with 
a station load of 12,700 KW, The No. 7 unit 
had been placed in service, in parallel with the 
others, six minutes before and was carrying 
about 1,500 KW. load. At this time the switch- 
board operator called for “more gate’ on this 
unit to care for increasing load. When at about 
% gate, with a load of 2,000 KW., the penstock 
burst on the south side. Two plates gave way 
for a length of about 12 ft., making an opening 
about 9 ft. high. The bed casting of the draft 
chest on the downstream set of turbines cracked 
along the line of rivets where the ruptured pen- 
stock plates were attached. 

The volume of water which immediately issued 
from this opening burst in the door and made 
a huge breach through the wall of the building 
between units Nos. 7 and 8, and flowed directly 
onto No. 8 generator, filling that end of the gene- 
rator room above the doors to a depth of some 8 
to 10 ft. The great force of the water caused it 
to spread and flood the entire building, reaching 
a depth of from 2 to 4 ft, in the most distant 
parts of it. The men at the gates of No. 7 unit 
at the {ime of the accident had barely time to 
escape, and one of them, in fact, was swept out 
the door at the north end of the building by the 
rush of water. Credit is due to the employces 
for their coolness in promptly throwing the 
load off the machines and preventing the de- 
struction of all of the machinery in the building. 

The rush of water was so great that it was 
impossible for the employees to reach the g0v- 
ernor hand wheels to close down the turbines 
by way of the floor, but they were lowered down 
by ropes from the windows of the wheelhouse 
roof and in 4 to 5 ft. of water.managed to stop 
all wheels except units Nos. 8 and 9, which could 
not be reached owing to the tremendous volume 
of water which rs through and completely 
over them, These two machines were running 
under water for a couple of days. An attempt 
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vas immediately made to lower the headgates, 
ut the flow of water through the burst pen- 
stock made such a pressure against the gates 
hat they could not be stirred. 

In Winnipeg the first intimation of trouble 
was the loss of current. Cars were just filling 
up for the evening rush and were left stranded 
yn the street. All lights and power were off, 
.nd at first the general public were under the 
_mpression that there had been a serious fire. 
Che company has a private telephone to Lac Du 
Bonnet, but as the whole operating staff was 
susy there was no one to answer calls. As soon 
is it was realized that the interruption of the 
service was more than trifling the manager issued 
instructions to have the old steam plant (used 
before the Lac Du _ Bonnet power station 
was built) put into commission at once. Three 
years previously this plant had worked to an 
»verload capacity of 8,000 HP., but although the 
precaution had been taken of keeping up steam 
sufficient to turn the wheels over once a day, 
things there were naturally not in condition to 
get back to former operation, and in any case 
the power at full capacity was far below the 
present requirements of Winnipeg. The best 
that could be done on the first night was to fur- 
nish a partial lighting service, and in the early 
hours of the morning to take on the street rail- 
way. 

Two hours after the news of the serious nature 
of the accident reached Winnipeg, the manager 
and chief engineer of the company were on 
the way to the plant in a special train. This 
plant is 65 miles from Winnipeg and only a few 
trains run in a week. The station is some nine 
miles from the railway and supplies have to be 
hauled over a corduroy road. The condition of 
affairs at the station was found serious, the at- 
tempts to shut off the water having entirely 
failed. The only means which could be devised 
for stopping it, as reported, was driving piles in 
front of the headgates, and sheeting these in 
front with brush and canvas and bags of sand, 
by which means the water was eventually 
checked sufficiently to enable the headgates to be 
lowered. 

The water was drained from the power-house 
sufficiently by the following evening to allow 
examination of the machinery, and work was at 
once started to get some of the generators again 
in operation. On the evening of Nov. 29, less 
than six days after the accident, one generator 
was sufficiently dried out so that about 1,500 KW. 
of power was supplied to Winnipeg to assist the 
over-burdened steam plant, where one or two 
minor accidents had been caused by the heavy 
overload. 

The system followed in the city was to furnish 
as full a car service as possible from 6 to 8,30 
a. m. and a lighting service on as many circuits 
as possible. From 8.30 to 4.30 the available cur- 
rent was placed at the disposition of users of 
commercial power. From 4.30 p.m. to 7.30 p. m. it 
was changed for cars and light; from 7 p. m. 
to midnight a full lighting service was given, 
and from midnight to 5 a. m. commercial power 
was furnished. This system was adopted at the 
request of the Board of Trade and the City Coun- 
cil, as it was represented that this would allow 
the factories to run on practically full time. The 
public generally took the accident good humor- 
edly. 

At Lac Du Bonnet, all the cables in the build- 
ing, from the generators and switchboard to the 
transformers and the switch cells, being in ducts 
below the floor were found to be entirely soaked 
with water, and temporary wiring had to be in- 
Stalled to get the generators into operation after 
they had been dried, Work was also hampered 
by broken steam connections and other similar 
damages. In inspecting and testing the gene- 
rators it was found that the most serious dam- 
age was near the point where the break occurred. 
Those farthest away were the least damaged. 
One generator had to be partially rewound on 
one side where it received the full force of the 
oo which tore off the insulation of its wind- 

ngs. 

In seeking the cause of the accident an ex- 
amination wags mate of the gate rigging of the 


No. 7 unit. It was found that five teeth had 
been stripped from the hand-wheel pinion on the 
governor. It is presumed that when these teeth 
stripped the gates closed suddenly and caused 
some water hammer which burst the penstock 
or led to secondary actions. 

The Lac Du Bonnet plant has had a good 
record up to the time of this accident. In the 
four years of its operation, it is reported, the 
total duration of shut down has been 25 minutes. 

The early development of the plant was under 
the direction of Mr. H. L. Cooper, of New York 
City, but he later withdrew and the work was 
finally completed by Mr. F. S. Pearson, of New 
York City. At the time of completion full tests 
were made and more severe conditions were then 
imposed than would accompany the sudden clos- 
ing of the turbine gates through stripping of the 
governor hand-wheel pinion teeth. No difficulty 
has ever been experienced in closing the double 
head gates under the heaviest overloads. 





AN EXPLOSION OF BLASTING POWDER at Frost- 
burg, Pa., Dec. 17, wrecked a two-story building owned 
by the Rochester & Pittsburg Coal & Iron Co. Four per- 
sons were killed. 


~ 
> 


A FIVE-MASTED SCHOONER WAS WRECKED Dec. 
13 off Wimble Shoals, 25 miles north of Cape Hatteras, 
and all but one of her crew of 15 were drowned. The 
wrecked schooner was the “Governor Ames,’’ bound from 
Brunswick, Ga., to New York City with a cargo of rail- 
way ties. 





~ 
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THE HYDRAULIC DREDGE “PORT ANCON” sank 
Dec. 11 between Frying Pan Shoals and Point Lookout 
in Chesapeake Bay. Five men were drowned. The “Port 
Ancon”’’ was owned by the American Towing Co., of 
Baltimore. She was 140 ft. long with 40-ft. beam and 
12-ft. depth. 








AN UPHOLSTERY FACTORY BURNED in Philadel- 
phia, Pa., Dec. 16, and five employees and one fireman 
lost their lives in the flames. The fire occurred in the 
evening and, soon after its discovery, the lights went 
out making it difficult for the employees to escape. Those 
killed were working on the fifth floor of the building 
when the fire broke out. 

A four-story frame tenement and lodging house in 
Cincinnati, Ohio, was destroyed by fire Dec. 14 and 
seven tenants were killed. The fire started early in the 
morning while all the occupants were asleep. 

THE REAR COLLISION AT NORTH BAST, PA., Dec. 
14, between two passenger trains on the Lake Shore & 
Michigan Southern Ry., noted in our last week’s issue, 
has been ascribed by the coroner’s jury to negligence on 
the part of two trainmen. The verdict is as follows: 


We find that the cause of the collision was due to 
the gross negligence of George J. Sleight, flagman of 
Train 10, in failing to give the pro signal to Train 
26. We further find that M. L. Burger, engineer of 
Train 26, contributed to the cause of the collision, in 
failing to bring his train to a stop before passing sig- 
nal No. 75-2, which was set t him and which he 
failed to see owing to the smoke and snow, although he 
knew full well its location and neglected to follow the 
safe course and bring his train to a full stop, as pro- 
vided for in the rules of the company. 


- 
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SEVERAL SERIOUS RAILWAY ACCIDENTS have oc- 
curred during the past week. Passenger train No. 11 on 
the Southern Ry. was wrecked early in the morning of 
Dec. 15 at Reedy Fork trestle ten miles north of Greens- 
boro, N. C. Twelve persons were killed and 25 others 
injured. The train consisted of a baggage car, an ex- 
press car, three day coaches and two sleeping cars. It 
was derailed about 200 ft. from the trestle. The loco- 
motive and the baggage and express cars crossed the 
trestle in safety but the five coaches broke loose and 
overturned, failing from the trestle into the stream be- 
low. The accident is ascribed to a broken rail. 

A passenger train on the Central of Georgia Ry. col- 
lided with a passenger train on the Macon & Birming- 
ham Ry. at Harris, Ga., Dec. 17. Four persons were 
killed and many others were injured. 

A west-bound passenger train collided with a freight 
in the Lake Shore & Michigan Southern Ry. yards at 
Cleveland, Ohio, Dec. 18. Five trainmen were killed. 
The accident is ascribed to the obscurement of signal 
lights by a heavy snow storm. 











A 25-YEAR STREET RAILWAY FRANCHISE EX- 


Co. has 16 years to run and there was much opposition 
to extending it for an additional 25 years. 
pany claimed that an extension was needed to enable 


it to meet bonds soon coming due and to provide for 
improvements. The company offered 6 tickets for 25 cts. 
bought on its cars or 25 for $1 bought in any one of 22 
drug stores. 
alate niaasiniaclliapabings 
THE BURSTING OF A 36-IN. WATER MAIN at Chi- 
cago in the early morning of Dec. 11 caused considerable 
damage to property and discomfort to people in the 
neighborhood by the flooding of basements occupied by 
families. In some cases the water reached a depth of 
nearly 6 ft. and there might have been loss of life but 
for prompt action of the police and others in rescuing 
imprisoned persons. The leak occurred at the intersec- 
tion of Lowe Ave. and 35th St., and caused the washing 
out of a large hole in the street and sidewaik. After the 
water had been shut off, fire engines pumped out the 
flooded basements, but great injury was done to furni- 
ture and personal property. The flood extended over an 
area of about four blocks. 





—-- ° 
A $30,000,000 IRRIGATION BOND ISSUB for pushing 


work being carried on or projected under the U. S. 
Reclamation Service, is provided for in a bill just intro- 
duced in Congress. It is proposed to put the proceeds 
of this bond issue in a revolving fund, evidently similar 
to the one built up from the proceeds of public land 
sales, which has been used to meet the cost of reclama- 


tion work thus far. 
POTTS AE WO ee 
THE MILEAGE OF RAILWAY TRACKS in the city of 
Chicago has been ascertained by Mr. Slason Thompson, 
of the Chicago Bureau of News and Statistics. The total 
is in excess of 2,500 miles. The detalls are given in the 
following table: 


Miles of single track (first)... ......ceceeeseees 327.26 
Sr Gn SOG GENO Sécnsecvesssccebecececed 299.34 
Pr Cr MT pnscuscccbese ch ececcesoner 85.67 
re errr irr tree 56.05 
Miles of yard track and sidings............e.s6 1,448.18 
SOO GE GUNN. 66.0666 cccneccstectcencsses 12,083.00 
Number of industrial connections.............. 1,548.00 
Miles of imdustrial tracks. .......6..e-sseeee0% 278.14 
*Total miles of all tracks.........-seeccceccess 2,494.50 


*Exclusive of data not received from three minor sys- 
tems. 

These statistics were collected by Mr. Thompson in con- 
nection with the current discussion regarding the pro- 
posal to compel the electrification of railways within the 
Chicago city limits. Mr. Thompson estimates, from the 
experience on the New York City terminal] lines, that it 
would cost at least $400,000,000 to electrify all railway 
tracks in Chicago. He points out further that the elec- 
trification could not be confined to the iines within the 
city limits, but would have to include all the contiguous 
territory within the belt lines running from Waukegan 
around the city to Indiana Harbor. It could not stop 
short of North Chicago on the north, West Chicago on 
the west, and Joliet and Blue Island on the south. Mr. 
Thompson states that the daily railway traffic of Chicago 
amounts to 116,400 suburban passengers, 23,000 cther 
passengers, and 2,420 freight and passenger trains daily. 
About 6,000 full car-loads of freight are received and 
despatched from Chicago, and over 2,000 partially loaded 
cars. Besides this, there is an enormous traffic of 
freight cars which pass through the city without break- 
ing bulk. 


4 
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A MINE FAN INSTALLATION of some interest was 
recently completed at the mine of the McLean County 
Coal Co. at Bloomington, Ill. The new installation con- 
sists of a 72-in. ‘“‘Sirocco’’ double-inlet mine fan, which 
replaces the old lower-speed fan of about three times 
that diameter. The old fan had a capacity of 40,000 
cu, ft. per min. at a pressure of 2.3 ins. of water and 
required a 125-HP. engine for driving it. It discharged 
into a shaft 4 ft. 3 ins. x 8 ft. 9 ins. at the smallest 
section and 400 ft. deep which led to the first vein of 
coal. The new fan discharges into this same shaft and 
thence through a passage extending horizontally about 
one-half mile into another drop shaft 135 ft. deep leading 
to the second vein. It is arranged primarily for biow- 
ing, but is reversible if occasion demanits. The new fan 
Was guaranteed By its manufacturer, the American 
Blower Co., to deliver 50,000 cu. ft. per mim. at a 
pressure of 3.6 ins. of water on & HP, It may later 
be required to handle 75,000 cu. ft. per min. at 8.1 ins. 
pressure and is guaranteed to be of ample capacity for 
such service. The general manager of the mine reports 
that the new fan is exceeding the guaranteed perform- 
ance. 





”" 
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HIGH-PRESSURE PINTSCH GAS has been developed 
by the Safety Car Heating & Lighting Co., of New York 
City, for transport to places where it is necessary to 
charge service tanks but where the amounts of gas used 
do not warrant a generating plant. Gas for such ser- 
vice has previously been transported at the normal 
storage pressure (14 atmospheres) of the Pintsch light- 
ing systems. In such cases it is possible to rechafge the 
service tanks only by equalizing the pressure between 
transport and service tanks. Then only some 30% of 
the gas originally carried in the transport tank was 
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available for filling and the remainder was left to be 
returned to the supply station unused. By compressing 
the gas to 100 atmospheres only about 10% is returned. 
For filling a given volume of service tanks, a reduction 
of volume of transport holder to 1/30 that formerly 
necessary is claimed. The weight of transport holder 
is reduced to about 1/6 the former. 

All liquid hydrocarbons are drained off from ordinary 
Pintsch gas (at 14 atmospheres) and it is compressed di- 
rectly into small steel flasks of high tensile strength 
material. A flask, of 3.75 cu. ft. capacity, weighing about 
830 ibs., can be made to hold 500 cu. ft. of free gas. 
From this it is seen that there is an apparent departure 
from Boyle's law that the volume varies inversely as the 
pressure. This is due to a partial condensation in the 
flasks, but as gas leaves a flask it absorbs the con- 
densed hydrocarbons with no appreciable drop in candle- 
power value. 

In the development of this high-pressure gas, experi- 
ments were made with the so-called “Blau gas’’ which 
has been called “liquefied Pintsch gas’’ by many. With 
this latter, however, certain hydrocarbon liquids have 
to be added to dissolve that portion of the gas which 
does not readily condense at heavy pressures. These 
solvents were found to accumulate in the regulating de- 
vices and to clog by freezing in cold weather. The high- 
pressure Pintsch gas differs from the ‘‘Blau gas’’ then in 
having present as liquids only the gases which normally 
condense between 14 and 100 atmospheres. 


> 


DELAYS TO PASSENGER TRAINS IN THE STATE 
of New York are regularly reported to the New York 
Public Service Commission for the Second District. The 
report for the month of September, 1909, just issued, 
shows that of 62,092 trains reported, 82% were on time 
at their division terminals. It should be stated that pas- 
senger trains are considered ‘‘on time’’ if not more than 
five minutes late. This gives 18% of trains late at di- 
vision terminals, and the average delay for each Jate 
train was 24.3 minutes. 

A summary of the principal causes of delay to trains 
shows that 46.7%, or nearly one-half, were due to wait- 
ing for trains on other divisions or for connecting trains 
on other railways. Nearly 20% were due to train work at 
stations, and nearly 15% to meeting and passing trains 
or trains ahead. Signals, by which is probably meant 
“signals out of order,’’ caused only 1.2% of the delays, 
and failures of engines or cars and wrecks caused 11%. 








Personals. 


Mr. Edgar M. Graham, Assoc. M. Am. Soc. C. E., has 
opened an office at Muskogee, Okla., for practice of 
general engineering. 

Mr. Agnew T. Dice, General Superintendent of the 
Philadelphia & Reading Ry. and allied companies, has 
been appointed General Manager. The general superin- 
tendency has been abolished. 

Mr. S. E. Burkhead, Assistant Division Superintendent 
of the International & Great Northern R. R. at Pales- 
tine, Tex., has resigned that position to enter the service 
of the Denver & Rio Grande R. R. at Denver, Colo. 

Mr. O. H. Ensign, M. Am. Inst. BE. E., Chief Electrical 
Engineer of the U. S. Reclamation Service, has been 
appointed a member of the advisory board of engineers 
in charge of construction of the power plants along the 
Los Angeles Aqueduct. The Los Angeles Board of Pub- 
lic Works has obtained President Taft’s permission for 
Mr. Ensign to serve in this capacity. 

Mr. BE. J. McCaustland, M. Am. Soc. C. E., Professor 
of Municipal Engineering at the University of Washing- 
ton, Seattle, Wash., has been appointed Sanitary Engi- 
neer to the Washington State Board of Health. The 
scope of the powers and duties of this board was re- 
cently much enlarged by legislative action, and increased 
attention will be given to public water-supplies and sew- 
age disposal. 

Mr. Cyrus C. Babb, M. Am. Soc. C. E., and recently 
Project Engineer of the Milk River project, U. 8S. Recla- 
mation Service in Montana, has severei his connection 
with the Reclamation Service by transfer to the U. S. 
Geological Survey. As District Engineer, he will have 
charge in Maine of cooperative work of the U. S. Geo- 
logical Survey and the Maine State Water Storage Com- 
mission and State Survey Commission. 

Mr. C. EB. A. Winslow, Assistant Professor of sanitary 
biology at the Massachusetts Institute of Technology, has 
been appointed Associate Professor of biology in the 
College of the City of New York, effective in September, 
1910. He has also been made Curator of Public Health 
in the American Museum of Natural History, New York 
City. Mr. Winslow will lecture at the University of 
Chicago in January, February and March, during which 
time he will be on leave of absence from the Massachu- 
setts Institute of Technology. 

Mr. Arthur W. Dean, M. Am. Soc. C. E., State En- 
gineer of New Hampshire, has been appointed Chief En- 
gineer of the Massachusetts Highway Commission, ef- 


fective Jan. 1. The duties of this newly established 
position were formerly performed by Mr. Austin B. 
Fletcher, Secretary of the commission, who has resigned 
to take a position in California. Mr. Frank I. Bieler, 
of Boston, Mass., Assistant Secretary of the highway 
commission, will succeed to the secretaryship, but will 
divide with Mr. Dean the duties performed by Mr. 
Fletcher. Mr. Dean is a graduate of the Massachusetts 
Institute of Technology, class of 1892, and has been 
State Engineer of New Hampshire since 1904. 


Mr. Henry M. Sperry, M. Am. Soc. C. E., Resident 
Manager of the New York office of the General Railway 
Signal Co., of Rochester, N. Y., has been made Sales 
Manager of that company, in charge of the sales and 
advertising departments and of installation work on con- 
tracts. Mr. Sperry will go to Rochester to assume the 
duties of his new position Jan. 1. 

Mr. Sperry has had a wide experience as a signal 
engineer, He was Supervisor of Signals of the New 
York division of the Pennsylvania R. R. from 1887 to 
1891, and in 1892-4, as General Agent of the Johnson 
Railroad Signal Co., he had general charge of the block 
signal system of the New York Central & Hudson River 
R. R. In 1894-9 he was Signal.Engineer and Agent of 
the National Switch & Signal Co., and in this capacity 
he designed and constructed the signaling for the ele- 
vated railways of Chicago, including that for the union 
loop. During the period from 1899 to 1905, while Signal 
Engineer and Agent for the Union Switch & Signal Co., 
Mr. Sperry prepared plans and a report on the recon- 
struction of the St. Paul Union Depot, St. Paul, Minn., 
to provide track facilities for ten railways and also 
prepared plans for the signaling system of the New York 
subway. 

In 1905-6 -he acted as Consulting Signal Engineer for 
the Hudson & Manhattan R. R. and prepared plans and 
reports covering the four Hudson River tunnels and the 
Church St. terminal. Mr. Sperry has been Resident 
Manager, at New York, for the General Railway Signal 
Co., since February, 1906. 


Obituary. 

Horace See, a naval architect of New York City, died 
Dec. 14 at his home on Bast 29th St. at the age of 77 
years. Mr. See was formerly in the employ of the Wm. 
Cramp & Sons Ship & Engine Building Co. and was a 
member of the Society of Naval Architects and Marine 
Engineers. 


Israel W. Morris, Assoc. Am. Inst. M. E., died Dec. 18 
at his home in Philadelphia, Pa., aged 80 years. Up to 
the time of his retirement ten years ago, he was promi- 
nent in the development of the anthracite coal fields of 
Pennsylvania and was President of the Locust Mountain 
Coal Co. and the Coal Ridge Co. 


Gen. J. S. Casement, a civil engineer, died Dec. 13 at 
his home in Painesville, Ohio. Gen. Casefhent was born 
at Geneva, N. Y., in 1829. He was employed in the 
construction of the Lake Shore & Michigan Southern 
Ry. from Cleveland, Ohio, to Erie, Pa., and in the con- 
struction of the Cleveland, Cincinnati, Chicago & St. 
Louis Ry. from Cleveland to Columbus, Ohio. In the 
Civil War he served as a major and later he became a 
colonel and a brigadier-general. He won considerable 
distinction during the war for rapid reconstruction of 
bridges destroyed by the Confederates. After the war, 
he superintended the construction of a part of the Union 
Pacific R. R. and subsequently had charge of various 
other railway construction work. 


Julius Bien, President of the firm of Julius Bien & 
Co., lithographers, died Dec. 21, at his home in New 
York City. Mr. Bien was born in Hesse-Cassel, Germany, 
in 1826 and came to the United States when 23 years old. 
He began business in this country with one lithographic 
hand press in 1850 and in the course of time became 
prominent as a specialist in scientific and artistic 
lithography. He was particularly successful in the re- 
production of topographical maps and illustrated the 
Coast Survey reports, “Atlas and Records of the Rebel- 
lion,” “Statistical Atlas of United fitates Censuses,” and 
many other Government and State reports. 


Dr. Frank W. Reilly, Assistant Commissioner of Health 
of Chicago, died Dec. 16. He was born at Bolton, Eng- 
land, in January, 1836, but was brought to this country 
when a child. He served as a surgeon in the Civil War, 
and from 1867 to 1873 was a sanitary inspector in the 
Chicago Health Department. He then entered the U. S. 
Marine Hospital Service, and was one of the doctors 
who fought the yellow-fever plague at Memphis, Tenn., 
being placed afterwards in charge of the sanitary im- 
provement of the city. In 1891 he was appointed mem- 
ber and secretary of the Illinois State Board of Health. 
In 1891 he became Assistant Commissioner of Health 
at Chicago, which position he retained until his death. 
He is credited with inaugurating the publication of the 
weekly “health bulletin,” and was in active charge of 
much of the aggressive work of the Health Depart- 
ment in its campaign for pure milk, the use of antitoxin 
in diphtheria and the education of mothers in the poorer 
districts as to the proper care of babies in order to 
check the high rate of infant mortality. 





Dr. Charles B. Dudley died at Altoona, Pa 
after a brief illness of typhoid pneumoni a 
man in the American engineering professi.: bbe 
widely known and more universally respect: gory. 
Dudley. He was born in Chenango County, 

14, 1842, and was educated at the country scho 
village academy. He enlisted in the army in 
served until the close of the war, when he ; 
studies and finally graduated from Yale in ; 
1871. He followed this up with a post-graduat: 
the Sheffield Scientific School, from which 4 
ated in 1874. Only a year after his graduation 
appointed chemist of the Pennsylvania R. R 
offices at its mechanical headquarters in Alto. 
this position he held throughout his life. 

While Dr. Dudley was primarily a chemist, bh 
brought him in touch with a large range of engi: 
activities, and he became well known throughoy 
neering circles. In practical original research lead); 
industrial developments he bore a foremost pa 
he received high honors from the scientific and en-; 
ing societies with which he was connected. Ho was 
twice chosen President of the American Chemical S«: icty 
has been a Vice-President of the American Institcio o: 
Mining Engineers, and has been a member of the other 
three national engineering societies of America, a well 
as a member of the principal chemical and metallurzica) 
societies abroad. As President for several successive 
years of the American Society for Testing Materials he 
has done a large service to the profession in furth: ering 
the prosperity of that organization. This year he was 
also elected President of the International Socic: 
Testing Materials. 

In personal qualities Dr. Dudley was a man of the 
most genial and sunny disposition. He went through 
life making friends at every turn, and even those whom 
he had to oppose in his professional work were com- 
pelled to respect and honor his fairness and friendli- 
ness. A few years ago the Pennsylvania R. R. Co., in 
view of Dr. Dudley’s long and valuable services, re- 
lieved him of the official responsibilities he had so long 
carried, so that he has had liberty to carry on such 
work as he chose and enjoy foreign travel. In our issue 
of Jan. 28, 1904, at the time of Dr. Dudley’s election 
to the presidency of the American Society for Testing 
Materials, we published a portrait and full biography of 
Dr. Dudley.“ That biography closed with the sentence 
“Dr. Dudley has never married.” It is pleasant for his 
friends who appreciate his sweet and lovable disposi- 
tion to know that not long after that time Dr. Dudley 
was very happily married, so that the last years of his 
life were made pleasant in the comfort of his own home. 
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OF SCIENC 
Dec. es 1. Annual meeting at Boston, Mass. 
Secy., L. O. Howard, Smithsonian Institution, Wash- 
ington, D. C. 


Anon. SOCIETY OF AGRICULTURAL ENGI- 


Dec. 28-29. Annual meeting at Ames, Iowa. Secy., 
L. W. Chase, University of Nebraska, Lincoln, Neb. 
MONTANA SOCIETY OF ENGINEERS. 
Jan. 6-8. Annual meeting at Butte, Mont. Secy., 
Clinton H. Meore, Butte, Mont. 
sg 7 ENGINEERING SOCIETY. 
Jan. 12-14. Annual meeting at Lansing, Mich. Secy., 
ae L. Holmes, 574 Wealthy Ave., Grand Rapids, 


INDIANA ENGINEERING SOCIETY. 

Jan: 13-15. Annual convention at Indianapolis, Ind. 
Secy., Chas. Brossmann, Union Trust Bidg., Indian- 
apolis, Ind. 

AMERICAN SOCIETY OF HEATING AND VENTILAT- 
ING ENGINEERS. 

Jan. 18-20. Annual meeting at New York City. Secy., 

W. M. Mackay, P. O. Box 1818, New York City. 
AMERICAN SOCIETY OF CIVIL ENGINEERS. 

Jan. 19-20. Annual meeting at hae § York City. Secy., 

Chas. W. Hunt, 220 West 57th ,» New York City. 
AMERICAN SOCIETY OF pone enn OF PLUMB- 
ING AND SANITARY ENGINEERS. 
Jan. 20-22. Annual convention at Trenton, N. J. 
Secy., C. S. McCosker, Mobile, Ala. 
CANADIAN SOCIETY OF CIVIL BNGINEERS. 
7 25-27. Annual Rg me at o—-. Ont. Secy., 
C. H. McLeod, 413 Dorchester St. West, Montreal, 
Que. 
aoe 4 SOCIETY OF ENGINEERS AND SU8VEY- 


RS. 

Jan. 26-28, at Cairo, Ill. Secy., B. 
BE. R. a 1636 Mon ae Block, y Mo iit. 
NATIONAL BRICK MANUFACTURER'S ASSOCIATION. 

Feb. 7-12. Annual convention at Pittsburg, Ps. Sec¥+ 
dianapolis, Ind. 


T. A. Randall, 
CONNECTICUT SOCIETY OF CIVIL BNGINES oRS. 
Feb. 8. Annual meeting at New Haven Secy., 


J. Frederick Jackson, Box 1304, New en, Conn. 
NEW —— Her gece gg OF GAS ENGINEERS. 
Feb. 16. meeting a’ . Sees, Mass. Secy., 
N. W. Gifford, 126 Central Square, B. Boston, Mass. 
IOWA ENGINEERING SOCIETY. 
Feb. 16-17. eee convention at Cedar Rapids, Iowa. 


er A. Ford, I City, Iowa. 
NATIONAL ASSOCIETION. OF CEMENT US©% 
Feb. 21-26. convention at Chicago. |! 


Li. Pres, 
Richard L. Humphrey, Harrison Bldg., Phi i, 
Pa. 
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